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River water is used in various applications, especially in developing countries like South 
Africa. Therefore, it is crucial that the quality and potential health risks of river water are 
monitored, managed and recorded. Water quality assessment can be expressed as 
physiochemical and biological characteristics of water. However, the simplified parameter 
that can be used to quantify and interpret monitored data is water quality index (WQI). The 
quantification of potential health risks can be simplified by using chronic daily intake 
(CDI) and health risk index (HRI). Therefore, the current study investigated the water 
quality indices associated with physiochemical properties and potential health risks posed 
by the trace metals present in water samples collected from three rivers (Jukskei, 
Kaalspruit and Modderfontein Spruit) of Ekurhuleni Metropolitan Municipality, 
Johannesburg, Gauteng, South Africa during wet and dry seasons.  
The selected physiochemical properties for the current study include pH, electrical 
conductivity (EC), chemical oxygen demand (COD), total dissolved solids (TDS), major 
anions (F-, Cl-, NO3
-, PO4
-3 and SO4
-2) and major cations (Na+, NH4
+, Ca+2 and Mg+2). The 
obtained results revealed that pH (7.49-8.52), EC (22-38 µS/cm ) and COD (124.8-864.3 
mg/L) values were within the acceptable standards of World Health Organization (WHO), 
except for TDS concentration levels (627-587 mg/L) of Jukskei river during wet weather 
condition. Furthermore, it was only fluoride that exceeded international standards with 
concentration levels of 2.885-3.331mg/L during rainy season.  However, most major 
cations (NH4
+, Ca+2 and Mg+2) reached maximum WHO standard limits, except for sodium 
(20.232-187.574 mg/L). Then, this physiochemical data was expressed in terms of WQI, in 
order to quantify the water quality. The WQI of water collected from Jukskei river ranged 
from 104 to 111, indicating the poor quality of this water for drinking purpose in both wet 
and dry seasons. Alternatively, WQI results of 89.5 and 66.4 were obtained for Kaalspruit 
river and Modderfontein Spruit river water samples, respectively.  These results suggest 
that the water from these two rivers is considered as good for drinking purposes.  
The investigated trace metals for the current study were Be, Al, Ti, V, Cr,  Mn, Fe, Co, Ni, 
Cu, Zn, As, Se, Sr, Mo, Ag, Cd, Sb, Ba, Tl, Pb and  Bi. These metals were mostly within 
the permissible limits set by WHO, except for Al, Ti, Mn (except Jukskei River), Sb, Mn 
and Mo during the dry season. However, Mn, Fe and Pb in Kaalspruit river exceeded the 
WHO drinking water guidelines during rainy seasons. Then, the assessment of potential 
 
vi 
health risks posed by the investigated trace metals on the surrounding population of 
Ekurhuleni Metropolitan Municipality was conducted by using CDI and HRI expressions. 
The results obtained revealed that the CDI values for Ti, Mn, Fe, Zn, Sr, Mo, Sb (except 
during wet season) and Ba were greater than 1 indicating potential health risk to both 
children and adults.   
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Water pollution is defined as an introduction of materials bearing the potential to affect the 
quality of water, thereby impairing its use (Nthunya et al., 2017). Water pollution has many 
sources. The most common sources are the city/domestic sewages and industrial waste that is 
being discharged into the rivers, thus directly impacting on the water quality (SDWF, 2017). 
Water quality index is often used as a comprehensive method for assessing the quality of 
water (YUNGPING, 1992). Water quality criteria are scientific and technical information that 
needs to be provided for any water quality source. The said information must be in the form 
of numerical data and/or descriptions of the fitness of water for a particular use or the health 
of ecosystems (DWAF, 1996a). Additionally, water quality monitoring ensures that the water 
supply for domestic, industrial and agricultural sectors is appropriate for the purpose and 
allows for the development of policies (Nyakale, 2010). Measuring the surface water quality 
will facilitate a better understanding and protection of our aquatic ecosystems. As part of the 
water quality evaluation process, it is necessary also to review, amongst others, the physical 
and chemical characteristics of water bodies (Nyakale, 2010). Water bodies are majorly 
polluted by municipal sewage discharges and industrial wastes, the latter contains a wide 
spectrum of toxic substances which can severely pollute clean water and pose a serious threat 
to human health (Celebioglu et al., 2019).  
Contamination of water bodies is mainly due to the release of major and traces metals such as 
copper (Cu), zinc (Zn), lead (Pb), cadmium (Cd), chromium (Cr), vanadium (V), arsenic (As), 
Selenium (Se), manganese (Mn) and iron (Fe) into water (Nomngongo, 2019). Metal 
contamination in water is due to anthropogenic sources such as production of food, cosmetics, 
petroleum, batteries, mining, smelting of metals, agricultural activities and municipal 
disposal. Other sources include geologic activities such as earthquakes and volcanic eruptions 
(Nomngongo, 2019). 
Physical characteristics are determined by physical methods such as pH, electrical 
conductivity (EC), whereas chemical characteristics are determined by methods like chemical 
oxygen demand (COD) (Wright, 2006). The potential of hydrogen (pH) scale ranges from 
zero (strongly acidic) to 14 (strongly basic). The pH of most raw water lies in the range of 6.5 
to 8.5. Biological activities such as nutrient cycling and anthropogenic source (industrial 
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effluent discharge) may give rise to fluctuations in the pH (DWAF, 1996a). In 2008, Wright 
further explains that precipitation is usually acidic because it contains carbon dioxide, where 
the atmosphere is polluted by industrial emissions of sulphur dioxide or nitrogen oxides, the 
pH of rain may be decreased because of the fact that these oxides form strong acids when in 
contact with water (Wright, 2006). Electrical conductivity was defined as the numerical 
expression of the ability of water to conduct electrical current, resulting from the presence of 
charged species in solution (Molebatsi, 2002). Chemical Oxygen Demand (COD) is defined 
as a measure of the oxygen equivalent of the organic matter content of a sample that is 
susceptible to oxidation by a strong chemical oxidant. The COD gives an indication of the 
presence of organic matter in a water body (Wright, 2006). According to the World Health 
Organisation (WHO), the major contributing ions in degrading the quality of water bodies are 
chloride, nitrate, phosphate and sulphate, sodium, ammonium, potassium, calcium and 
magnesium, if they be above acceptable levels (Wright, 2006). There’s also much evidence 
that nitrogen is amongst others, one of the major pollutant in the environment (Collins et al., 
1996). The water environment of rivers, lakes and dams, generally varies with seasonal 
changes and that result in instability of the quality of water in those sources. Measures to 
bring the necessary stability can only be possible if the degree of variation in concentration 
levels is known.  Understanding of interaction among different water quality parameters that 
depend on seasonal variations is the concern of this study (Alam et al., 2018). 
1.2 PROBLEM STATEMENT 
Water is a necessity for all living organisms and is needed for all human activities. Water 
covers 70.9% of the earth’s surface and almost 97% of the earth‘s water constitutes the 
oceans. The next largest storage compartment of water is ice caps and glaciers which accounts 
for 2% of all water. Together, these sources account for more than 99% of the total water, and 
both are obviously not suitable for human consumption because of their salinity (seawater) 
and location (ice caps and glaciers) (Maebana et al., 2013). The proportion of freshwater on 
earth’s surface is only 2.5% of which only 1% is accessible for use (Vasistha and Ganguly, 
2020). Water contamination is directly related to the amount of pollutants in the environment. 
Contamination refers to the condition of the land, atmosphere or water, where any chemical 
substance or waste has been added at above background level (Nomngongo et al., 2018). 
Some impurities are collected by rainwater when it passes through air and dumped into 
surface water. Water bodies like dams, lakes, rivers and streams, also collect impurities on 
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passing through contaminated land mass and from incoming discharge of sewage, from 
surface runoff and industrial waste effluents (Moutloali, 2019). 
Heavy metals remaining in the environment have the ability to bioaccumulate in the food 
chain, and, at high concentrations, may be toxic to humans and other organisms (Kouchou et 
al., 2020). As metals are one of the most toxic forms of environmental pollutants, these 
elements and their compounds can pose a serious threat to public health, animals and aquatic 
environment, when they are present in elevated concentrations (Sanders, 1997). Monitoring of 
major and trace metals such as Cu, Zn, Pb, Cd, Cr, V, As, Se, Mn and Fe, amongst others, is 
of paramount importance (Gugushe, 2019). Metals in the aquatic environment or water bodies 
can originate from the following sources: (1) geological weathering, which is the source of 
natural or ‘background’ levels; (2) industrial processing of metals and ores; (3) the use of 
metals and their compounds; (4) leaching of metals from municipal and solid waste dumps, 
especially mine dumps; and (5) animal and human excretions (Kouchou et al., 2020). Bashir 
N, further indicated that water quality deterioration is the primary threat to public health at the 
global level. Anthropogenic actions, like improper disposal of municipal, industrialized 
effluents, and unsystematic use of chemicals in agriculture, are vital aspects causative in the 
worsening of water quality (Bashir et al., 2020). In addition, excessive concentration of 
nutrients in wastewater, leads to eutrophication of water bodies and subterranean water 
contamination (de Almeida et al., 2015). As stated that the high presence of some ions may 
harm plants, animals and humans. For an example, ammonium ions in elevated concentration 
may cause visible foliar injury. Furthermore, when the assimilation of ammonium ion by 
plants is high, a significant increase of nitrogen in organic tissue may occur (Bashir et al., 
2020). Excessive amounts of nutrient like nitrogen activates eutrophication. Subsequent decay 
of this material can cause dissolved oxygen to be removed from a water body. Hence, the 
analysis of such a nutrient has thus become increasingly important (DWAF, 1996a). 
The city of Ekurhuleni or Ekurhuleni Metropolitan Municipality area has many different 
industrial areas (Wadeville, Isando, Springs, Nigel, Spartan, Jet Park, Elandsfontein and 
Modderfontein), with manufacturing being the highest contributor towards the city’s economy 
(Magaqa, 2018). The city also has many rivers, wetlands, dams and water bodies 
(Blesbokspruit, Kaalspruit, Jukskei, Germiston lake, etc) next to those industrial areas. So as a 
result, there’s a high risk that waste generated from the industries be transported into rivers. In 
different seasons, most industries have varying production rates due to various reasons. It is 
known fact that higher production or manufacturing rates are directly proportional to waste 
generation (Hoare et al., 2008). The latter is supported by Yang (Yang et al., 2019) in his 
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study, which he concluded that industrial production scale can aggravate the discharge of 
industrial pollutants and the effect on industrial waste water is strong. 
1.3 JUSTIFICATION OF THE STUDY 
Water is central to the survival of life. It is used in many applications including quenching of 
thirst and sustaining the functionality of living bodies. While water is such an important 
resource, an estimated 2.6% of global water is only available as fresh water. This clearly 
indicates that water is a scarce resource.  Water scarcity is defined as the insufficient supply 
of water per specific need of water use (Nthunya et al., 2017). Water contamination results 
from different activities such as discharge of industrial effluents, urban run-offs, open pit-
latrines, sewage discharge and agricultural run-offs and poses a threat to the health of living 
organisms (Ahaneku and Adeoye, 2014). These activities introduce a range of harmful 
contaminants into the water bodies, which amongst others include toxic metals (Tchounwou 
et al., 2012). The latter, include heavy metals which occur naturally in the earth’s crust. 
However, the deposition of high concentrations of the toxic metals in the environment is 
influenced by the anthropogenic activities such as burning of fossil fuels, mining and 
manufacturing industries (Su, 2014). Therefore, the focus of this study is on seasonal 
evaluation of pollutants in surface and river water that could be attributed to industrial 
activities, in reference to the South African water guidelines.   
1.4 HYPOTHESIS 
Many water bodies that are close to industrial areas are contaminated mostly by the activities 
from those industries. The degree of contamination and the level of variation of the water 
bodies vary in per weather season due to many factors. 
1.5 AIM AND OBJECTIVES OF THE STUDY 
The aim of the study was to investigate seasonal pollution variation of surface water bodies 
close to industrial activities and evaluated water quality indices. 
1.5.1 Speecific objectives are to: 
1.5.1.1 Investigate chemical indexes including pH, electrical conductivity (EC), chemical 
oxygen (COD), total nitrogen, selected anions (fluoride, chloride, nitrate, phosphate 
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and sulphate) and selected cations (sodium, ammonium, potassium, calcium and 
magnessium) in various seasons. 
1.5.1.2 Investigate selected major and trace metals (Cu, Zn, Pb, Cd, Cr, V, As, Se, Mn and Fe) 
and compare concentration levels to the South African guidelines (for different types 




Ahaneku I, Adeoye P (2014) Impact of pit latrines on groundwater quality of Fokoslum, 
Ibadan, southwestern Nigeria British Journal of Applied Science & Technology 4:440 
Alam AHMB, Unami K, Fujihara M (2018) Holistic water quality dynamics in rural artificial 
shallow water bodies Journal of environmental management 223:676-684 
Celebioglu A, Topuz F, Yildiz ZI, Uyar T (2019) Efficient Removal of Polycyclic Aromatic 
Hydrocarbons and Heavy Metals from Water by Electrospun Nanofibrous 
Polycyclodextrin Membranes ACS Omega 4:7850-7860 
DWAF (ed) (1996) Recreational water use vol 2. South African Water Quality Guidelines., 
Second edn. Department of Water Affairs and Forestry (DWAF), Pretoria, Soth Africa 
Fa Y, Yu Y, Li F, Du F, Liang X, Liu H (2018) Simultaneous detection of anions and cations 
in mineral water by two dimensional ion chromatography Journal of Chromatography 
A 1554:123-127 
Hoare D, Van der Merwe E, Claasen P (2008) Ekurhuleni Metropolitan Municipality: 
Biodiversity Report, 2008 Ekurhuleni Metropolitan Municipality, Kempton Park 
Lakshmi V, Fayne J, Bolten J (2018) A comparative study of available water in the major 
river basins of the world Journal of Hydrology 567:510-532 
Lumka M (2002) Chemical characterisation of atmospheric aerosols in Soweto, Bethlehem 
and Thohoyandou using energy dispersive x-ray fluorescence spectroscopy and ion 
chromatography. University of Johannesburg 
Magaqa N (2018) Plans for Driving Sustainable Industrial Development in Ekhuruleni 
Metropoiltan Municipality (EMM) Department of Trade and Industry (DTI) 
Masheane ML, Nthunya LN, Malinga SP, Nxumalo EN, Mamba BB, Mhlanga SD (2017) 
Synthesis of Fe-Ag/f-MWCNT/PES nanostructured-hybrid membranes for removal of 
Cr (VI) from water Separation and Purification Technology 184:79-87 
 
19 
Medeiros AC, Faial KRF, Faial KdCF, da Silva Lopes ID, de Oliveira Lima M, Guimarães 
RM, Mendonça NM (2017) Quality index of the surface water of Amazonian rivers in 
industrial areas in Pará, Brazil Marine pollution bulletin 123:156-164 
Molebatsi N (2002) The impact of power station emissions on surface water quality in 
Mpumalanga: the case of Majuba Power Station. University of Johannesburg 
Nesterenko PN (2001) Simultaneous separation and detection of anions and cations in ion 
chromatography TrAC Trends in Analytical Chemistry 20:311-319 
Nomngongo PN (2014) Method development on sample preparation for trace metals in 
petroleum products prior to their determination using inductively coupled plasma-
spectrometric techniques. University of Johannesburg 
Nthunya LN, Masheane ML, Malinga SP, Nxumalo EN, Mamba BB, Mhlanga SD (2017) 
Determination of toxic metals in drinking water sources in the Chief Albert Luthuli 
Local Municipality in Mpumalanga, South Africa Physics and Chemistry of the Earth, 
Parts A/B/C 100:94-100 
Nyakale JM (2010) Effects of Dams on River Water Quality: A Case Study of Lesotho 
Highlands Water Project. University of Johannesburg 
Ouyang Y, Nkedi-Kizza P, Wu Q, Shinde D, Huang C (2006) Assessment of seasonal 
variations in surface water quality Water research 40:3800-3810 
Sanders MJ (1990) A field evaluation of the freshwater river crab, Potamonautes warreni as a 
bioaccumulative indicator of metal pollution  
SDWF (2017) Industrial Waste. Safe Drinking Water Foundation. 
https://www.safewater.org/fact-sheets-1/2017/1/23/industrial-
waste?rq=industrial%20waste. Accessed March 2019 
Silva J-D, Mellissa J (2016) A case study on the historical water quality trends pertaining to 
the Jukskei River in the Gauteng Province, South Africa. University of Johannesburg 
Su C (2014) A review on heavy metal contamination in the soil worldwide: Situation, impact 
and remediation techniques Environmental Skeptics and Critics 3:24 
Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ (2012) Heavy metal toxicity and the 
environment. In:  Molecular, clinical and environmental toxicology. Springer, pp 133-
164 
Terblanche J (2008) Perceptions of residents of Hartenbos regarding the status of the water 
quality of the Hartenbos River. University of Johannesburg 
Wright JS (2008) The impact of Katse dam water on water quality in the Ash, 
Liebenbergsvlei and Wilge rivers and the Vaal dam. University of Johannesburg 
 
20 
Yunping Z (1992) A comparative study on hospital sewage and industrial waste water 

























2.1 WATER POLLUTION 
Water pollution is any chemical, biological, or physical change in water quality that has a 
harmful effect on living organisms or makes water unsuitable for the desired purposes 
(Terblanche, 2008). In addition, water is referred as polluted when it is either impaired by 
anthropogenic or natural contaminants and is not suitable for human use or has lost its ability 
to support life, such as an aquatic biota (Mwangi, 2012). Water pollution includes the release 
of unwanted substances into the water bodies, to an extent that they interfere with the 
ecosystem, which is one of the major problems most countries and/or big cities are facing in 
the 21st century (Nduka, 2017). Therefore, this pollution can change water’s pH, which in turn 
can harm animals and plants living in the water. For instance, water coming out of an 
abandoned coal mine can have a pH of 2, which is very acidic and would definitely affect any 
fish trying to live (Swenson, 1965). Potential sources of water pollution in East Rand, 
Gauteng Province, South Africa, include hazardous waste originating from mining activities 
as well as manufacturing industries (Silva and Mellissa, 2016). However, water pollution 
control has two aspects: (1) control of the first use of water and (2) control of the discharge of 
wastewater products (Terblanche, 2008). Table 2.1 below, shows major categories of 
pollution, pollutants, corresponding sources and possible effects.  
 
 
Table 2.1: Pollutants and their sources (Silva and Mellissa, 2016). 






Domestic wastes, overloaded 
sanitation systems or absence 
of sewage systems. 
Excessive nutrients cause eutrophication. These 
nutrients are commonly associated with algae 
blooms, thereby causing decrease of water 
biodiversity and clarity. 
Sediments Suspended solids Erosion, construction and 
vegetation removal. 
Increased turbidity, sedimentation and 
smothering of aquatic biota. 
Organic material P-, N- and organic 
compounds 
Vegetation, pollen and 
atmospheric deposition. 
Increased nutrients and sediments. 
Hydrocarbons Heavy metals, oils, 
toxins, hydrocarbons, 
NOx, SO2. 
Vehicle emissions, industrial 
emissions, atmospheric 
deposition, pavements, spills,  
and roads. 
Public health risk. Creating contaminated 
recreational public areas. 
Pollute downstream water and edible crops. 
Decreased economic value of natural and public 
areas. Pathogens Bacteria, viruses and 
protozoa. 
Failing sewerage systems and 
animals. 
Metals Dissolved solids, 
chlorides and 
phosphates. 
Washing of clothes, vehicles. 
Industrial leaks, galvanised and 
construction materials. 





Agriculture and landscaping. 
Solids Dissolved solids, 
sulphates, carbon, and 
particulate matter 
Burning of litter, wood and 
coal. 
Threat to wildlife and aesthetic appeal. 
 
2.2 WATER QUALITY MONITORING, EVALUATION AND GUIDELINES 
The term water quality is used to described the physical, chemical, biological and aesthetic 
properties of water that determine its fitness for a variety of uses, maintenance of the human 
health and protection of the aquatic ecosystem’s integrity (DWAF, 1996a). However, many of 
these properties are controlled or influenced by constituents that are either dissolved or 
suspended in water (DWAF, 1996a). Therefore, water quality is a major determining factor of 
water purity (Bugica et al., 2020). On the other hand, monitoring is defined by the 
International Organization for Standardization (ISO) as “the programmed process of 
sampling, measurement and subsequent recording or signaling, or both, of various water 
characteristics, often with the aim of assessing conformity to specified objectives”. Therefore, 
the general definition for water quality monitoring is a long-term, standardised measurement, 
observation, evaluation and reporting of the aquatic environment in order to define status and 
trends (Lowies, 2014). It is worthy to indicate that, data are principally collected at given 
geographical locations in the water body, often described by the latitude and longitude of the 
sampling site and further characterized by the depth at which the sample was sampled. 
Monitoring data must also be characterized and recorded with regard to the time at which the 
sample was collected or the in situ measurement was conducted (Bridgett, 2001). Therefore, 
water quality monitoring and evaluation are important to ensure safe water for domestic, 
recreational, industrial, and agricultural purposes, as well as aquatic life (Ishii et al., 2014). 
Water quality monitoring is the foundation on which water quality management is based. 
Furthermore, monitoring provides the information that permits rational decisions to be made 
on the following: 
• Describing water resources and identifying actual and emerging problems of water 
pollution.   
• Formulating plans and setting priorities for water quality management.   
• Developing and implementing water quality management programmes.   
• Evaluating the effectiveness of management actions (Bartram and Ballance, 1996). 





Table 2.2: Types and objectives of principal water quality assessment operations (Lowies, 
2014).  
Type of assessment Major focus of water quality assessment 
Multipurpose 
monitoring 
Space and time distribution of water quality in general 
Trend monitoring Long-term evolution of pollution (concentrations and loads) 








Background levels for studying natural processes; often used as 
reference point for pollution and impact assessments 
Preliminary surveys Inventory of pollutants and their space and time variability; 
usually prior to designing and establishing a routine monitoring 
programme 
Emergency surveys Rapid inventory and analysis of pollutants for rapid situation 
assessment following a catastrophic event 
Impact surveys Sampling limited in time and space, generally focusing on a few 
variables near pollution sources 
Early warning 
surveillance 
At critical water use locations (continuous and sensitive 
measurements) 
 
Analysis of metal levels in water as a monitoring technique dates back many years. The early 
work on pollution, in particular that of the Royal Commission in Britain, was primarily 
focusing on the chemical part of monitoring. This is because, in the first few years of this 
century, when pollution problems were becoming clearer, chemistry was already an 
established science but there had been little systematic studies on freshwater biology 
(Sanders, 1997). Sanders further emphasized that physico-chemical water quality monitoring 
remains an important component in any successful monitoring scheme, as knowledge of the 
water quality provides important information in the assessment of the potential danger that 
might be caused by metals in the environment.It is worth to  indicate that, a successful water 
quality monitoring and evaluation programs usually require a frequent and continuous balance 
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between analytical capabilities and the collection and preservation of representative samples 
(Horowitz, 2013). 
Therefore, water quality guideline is the information provided for a specific water quality 
constituent. The Department of Water Affairs and Forestry (currently known as Department 
of Water and Sanitation) use the South African water guidelines as its primary source of 
information and a decision-support system to judge water fitness for various applications and 
for other water quality management purposes. The South African water quality guidelines 
consist of domestic, recreational, industrial, agricultural (irrigation, livestock watering and 
aquaculture) guideline uses, as well as guidelines for the protection of the aquatic ecosystem’s 
health and integrity (DWAF, 1996a). Water can have different physical and chemical 
qualities, such as temperature, colour, taste, odour and so forth. These qualities influence the 
suitability of water for certain purposes (Terblanche, 2008). There are literally hundreds of 
water quality variables, but for a particular use, only a few variables are of interest 
(Terblanche, 2008). In general, natural water bodies approach equilibrium state with regard to 
water quality, which depends upon climatic, hydrologic, geologic, and biologic factors. 
Furthermore, human activities also strongly influence water quality. These activities can 
disturb a natural system and cause water pollution. The introduction of disease organisms 
through disposal of human wastes into water supplies has been reported as the most common 
human influence  over the years (Terblanche, 2008). However, in order to be able to make 
judgements about water fitness for various purposes, one needs to conduct the following: 
• Characterise the water uses and/or a particular aquatic ecosystem from a water quality 
perspective; 
• Determine the quality requirements of the intended uses and/or that of aquatic 
ecosystems; 
• Obtain information on the key constituents which determine the fitness of water for its 
intended uses and/or which affect the health of aquatic ecosystems; 
• Establish how many, and how much, the intended use or aquatic ecosystems will be 
affected by the prevailing water quality; and 
• Determine whether the undesirable effects of water quality on a particular use can be 
mitigated (DWAF, 1996a). 
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2.3 PHYSIO-CHEMICAL AND BIOLOGICAL PROPERTIES 
2.3.1Potential Hydrogen (pH) 
The technical definition of pH is that it is a measure of the activity of the hydrogen ion (H+) 
and is reported as the reciprocal of the logarithm of the hydrogen ion activity. In simpler 
terms, pH is the measurement of how acidic or basic is the water. Therefore, a water with a 
pH 7 has 10-7 moles per liter of hydrogen ions, whereas, a pH 6 is 10-6 moles per liter. The pH 
scale ranges from 0 to 14 (Oram, 2004). Therefore, the water pH value determines the 
solubility (amount that can be dissolved in the water) and biological availability (amount that 
can be utilized by aquatic life) of chemical constituents such as nutrients (phosphorus, 
nitrogen, and carbon) and heavy metals (lead, copper, cadmium, etc) (Michaud, 1991). In the 
case of heavy metals, the degree to which they are soluble determines their toxicity. 
Furthermore, metals tend to be more toxic at lower pH values, because that is where they are 
more soluble (Michaud, 1991). 
2.3.2 Electrical Conductivity (EC) 
As defined previously, electrical conductivity  is the numerical expression of the water ability 
to conduct electrical current, resulting from the presence of charged species in solution 
(Molebatsi, 2002). The unit for measuring conductivity is milliSiemes per meter (mS/m). 
According to the World Health Organization, dissolved inorganic solids like chloride, nitrate, 
sulphate, phosphate, sodium, magnesium, calcium and aluminium affect conductivity levels. 
The latter increase in direct proportion to dissolved ion concentrations (Wright, 2008). 
Measuring and monitoring the water electrical conductivity can provide valuable information 
regarding salt concentrations, and it also enables  to detect the trade wastes that may be 
discharged into the sewer, without the knowledge of the municipality (Eddy, 2003). In simply 
terms, conductivity values of a particular solution increases as additional substances, which 
can conduct an electrical current, are dissolved in it. A good example of polluted water that 
can conduct electricity is acidic water draining off the mines, because it contains dissolved 
metals, sulphates and hydrogen ions (Nel, 2007). It is worthy to indicate that, a conductivity 
test does not only help in determining the potential to conduct an electrical charge, but it also 
assist to identify and  locate  the source of pollution (Nel, 2007). 
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2.3.3 Chemical oxygen demand (COD) 
Chemical oxygen demand (COD) is a measure of the oxygen equivalent of organic matter 
content of a sample that is susceptible to oxidation by a strong chemical oxidant (Matsebula, 
2009). Therefore, the COD gives an indication of the presence of organic matter in a water 
body (Wright, 2008). This is because, the oxidation of organic matter results in decline  
concentration of dissolved oxygen, thus an oxygen demand is created (Verheul, 2012). There 
are two forms of organic matter that exist, namely, autochthonous and allochthonous organic 
matters. The autochthonous organic matter arises in a water body through the growth and 
death of aquatic organisms, and the allochthonous originates outsides the water body (Wright, 
2008). A rise in COD is likely caused by an increase in urban land uses “along an agricultural 
to urban gradient” which causes nutrient loading in streams; this in turn causes a decrease in 
dissolved oxygen and an increase in COD (Verheul, 2012). The COD concentration for 
unpolluted waters ranges from 20 mg/L O2 or less. Water systems that receive effluents have 
COD concentration greater than 200 mg/L O2 and industrial waste waters could have values 
as high as 60 000 mg/L O2 (Du Plessis, 2011). 
2.3.4 Total Nitrogen 
Total nitrogen (TN) refers to those amounts of nitrogen that give rise to nitrate/nitrite ions and 
can also amount  from nitrate (NO3), nitrite (NO2), organic nitrogen and ammonia (NH4) 
(ChemScan, 1994). Therefore, the TN is sometimes regulated as an effluent parameter for 
municipal and industrial wastewater treatment plants, but it is more common for limits to be 
placed on an individual nitrogen form, such as ammonia. This is because, nitrogen in 
wastewater can be found in four major forms (excluding trace amounts of nitrogen gas)and 
each major form is generally analyzed as a separate component, with TN calculated from the 
sum of the four forms (ChemScan, 1994).  
2.3.5 Major anions 
2.3.5.1 Chlorides 
According to (DWAF, 1996b), chloride is the anion of the element chlorine and the latter 
does not occur in nature, but is only found as chloride. It is well-known that, chlorides of 
sodium, potassium, calcium and magnesium are all highly soluble in water. Chloride is one of 
the concerns in domestic water supplies, because elevated concentrations impart a salty taste 
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to water and accelerate the corrosion rate of metals. High concentrations of chloride can also 
be detrimental to chloride-sensitive garden plants. The chloride concentration is higher in 
wastewater than in raw water, therefore chloride levels can be used as one of the parameters 
applied to determine the level of water pollution (Van der Wateren, 1998). The norms used in 
the guideline for chloride are based principally on aesthetic effects and on the influence of 
corrosion rates in domestic appliances. Human health is a secondary norm; effects are only 
observed at very high concentrations  (DWAF, 1996b). Chloride is only detectable by taste at 
concentrations exceeding approximately 200 mg/L. A salty taste becomes quite distinctive at 
400 mg/L and objectionable at concentration greater than 600 mg/L. Water with elevated 
chloride concentrations of more than 2000 mg/L may cause nausea, while at 10 000 mg/L 
there might be induced vomiting and dehydration. Chloride accelerates the corrosion rate of 
iron and certain other metals well below the concentration at which it is detectable by taste. 
The threshold for an increased corrosion rate is approximately 50 mg/L. At chloride 
concentrations greater than 200 mg/L, there is likely to be significant shortening of the 
lifetime of domestic appliances because of corrosion. Therefore, water bodies with high 
chloride content accelerate corrosion of metallic pipes and structures. It is for these reasons 
that the SABS (South African Bureau of Standards) 241 water quality guidelines has 
determined a maximum recommended limit of 250 mg/L and a maximum allowable limit of 
600 mg/L chloride for water to be used for human consumption (Van der Wateren, 1998).  
2.3.5.2 Fluorides 
Fluoride is the most electronegative member of the halogens,  has a strong affinity for positive 
ions and readily forms complexes with many metals and other molecules  in water to form 
insoluble compounds (DWAF, 1996b, Merolla, 2012). Surface water that is unpolluted has a 
concentration of 0.1 mg/L of fluoride and unpolluted ground water is usually at 3 mg/L 
fluoride content. Fluoride is often added to drinking water to improve dental health and at 
concentration of 0.6 mg/L, as it has been proven to reduce tooth decay (Merolla, 2012). Due 
to the very pronounced electron affinity of the fluorine atom, fluoride can interact with almost 
every element in the periodic table. In natural waters,  fluoride is  reported to be one of the 
main ions that facilitate solubilisation of beryllium, scandium, niobium, tantalum and tin 
(DWAF, 1996b). It must be noted that, fluoride enters water bodies from the weathering of 
fluoride-containing minerals in rocks. Furthermore, liquid and gas emissions from industrial 
processes can also contribute to elevated fluoride concentrations in water bodies (Lowies, 
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2014). The mobility of fluoride in water is mostly dependent on Ca2+ ion content as fluoride 
forms low solubility compounds with divalent cations (Lowies, 2014). It is very imperative to 
note that, fluoride concentrations in water intended for domestic use are monitored, as high 
doses are very toxic to humans and animals, and may causes bone diseases (DWAF, 1996b). 
Therefore, an excess amount or elevated levels of fluoride affect water quality. 
2.3.5.3 Nitrates 
Nitrate is the end product of ammonia or nitrite oxidation. Additionally, Nitrate (NO3
-) and 
nitrite (NO2
-) are the oxyanions of nitrogen in which nitrogen is found in the +V and +III 
oxidation 2 states, respectively. Nitrates and nitrites occur together in the environment and 
interconversion readily occurs (DWAF, 1996b).Furthermore, NO3
-  can also results from the 
natural decomposition by microorganisms of organic nitrogenous matter, which is present in 
excreta principally in the form of urea. If the NO3
- cannot be removed through uptake by 
plants and denitrification, it will eventually reach the water table (Kruger, 2004). It is worthy 
to note that, NO3
-  found in surface water does not only have its origin from human sewage, 
but also from run-off from agricultural land containing excessive fertilizer (Ochse, 2007). The 
NO3
- concentration levels of an unpolluted river range between 0.01 to 0.03 mg/L. Therefore, 
the anthropogenic contamination of water source can be ascertained by NO3
- levels exceeding 
0.10 mg/L. Eddy et al (Eddy, 2003) concluded that, NO3
- concentration levels in agricultural 
water purposes should not exceed 6 mg/L, and the same limit was recommended for water 
intended for domestic usage. A significant source of NO3
- in natural water results from the 
oxidation of vegetable and animal debris and of animal and human excrement. Additionally, 
treated sewage wastes also contain elevated concentrations of NO3
-. It has been observed that, 
NO3
- tends to increase in shallow ground water sources in association with agricultural and 
urban runoff, especially in densely populated areas (DWAF, 1996b). 
2.3.5.4 Phosphate 
Phosphates are formed from phosphorus and produced by natural processes. Phosphorus is 
regarded as a key in the growth of plants and animals and it occurs in numerous organic and 
inorganic forms (Du Plessis, 2011). Phosphates (H2PO4) or orthophosphates (HPO4) are 
generally found in sewage or wastewaters and are the only forms of soluble inorganic 
phosphorus that are directly used by aquatic biota (Du Plessis, 2011). Furthermore, phosphate 
is a basic component of living tissues, thus where there is a large amount of organic matter 
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and decomposing phosphate levels tend to increase. Therefore, significant amounts of 
phosphate are found in animal and human excreta and consequently in sewage and fish farm 
effluents. Large quantities of phosphate related compounds are applied as fertilizers in 
agriculture, and runoff from areas containing high concentrations of phosphate (Kruger, 
2004). 
In aquatic ecosystems, phosphate may exist either as organic or inorganic phosphate. 
Inorganic phosphate exists as an orthophosphate or as polyphosphate. Orthophosphate is the 
most commonly found phosphate in water bodies, due to its stability, and it is also the most 
commonly measured molecule in monitoring water quality than polyphosphate (DWAF, 
1996a). Phosphates stimulate the growth of biota which provides food for fish and this may 
increase the fish population and improve the quality of the aquatic life. However, at elevated 
levels of phosphate, algae and waterweeds grow at an accelerated speed which has negative 
implications to the availability of water oxygen (Ochse, 2007). Therefore, to ensure low algae 
growth, concentration levels of phosphate should be below 0.005 mg/L. However, for the 
purpose of system productivity and species diversity, phosphate concentration should range 
between 0.005 to 0.025 mg/L, although periodic algae may occur (Merolla, 2012). The 
phosphate levels above the recommended can cause eutrophication and hypertrophication. 
Therefore, natural unpolluted water usually contains phosphate levels in the range of 0.005 to 
0.05 mg/L (Merolla, 2012). 
2.3.5.5 Sulphate 
Sulphate is the oxy-anion of sulphur in the earth’s crust and sulphate salts are formed when 
sulphates combine with various cations such as potassium, sodium, magnesium, barium, lead 
and ammonium. However, these sulphate compounds differ in solubility. For example, 
potassium, sodium, magnesium and ammonium sulphates are highly soluble, while calcium 
sulphate is partially soluble, and barium and lead sulphates are insoluble (Bridgett, 2001). 
Other sources of sulphate include the breakdown of sulphur-containing organic compounds, 
various industrial processes (as tanneries, textile mills and processes using sulphuric acid or 
sulphates), atmospheric sulphur dioxide (combustion of fossil fuels/acid rain) and mining 
activities (Lowies, 2014).When sulphates are added to water, they tend to accumulate to 
progressively increasing concentrations. Therefore, sulphate is a common constituent in water 
with concentration levels ranging from a few milligrams to thousand milligrams per liter 
(Lowies, 2014). The concentration of sulphate in surface water is typically 5 mg/L, although 
 
32 
concentrations of several 100 mg/L may occur where dissolution of sulphate minerals or 
discharge of sulphate rich effluents from acid mine drainage takes place (DWAF, 1996b).  It 
has to be noted that, sulphate is of the least toxic anions (Lowies, 2014). However, 
consumption of excessive amounts of sulphate in drinking water typically results in diarrhoea.  
Sulphate imparts a bitter or salty taste when present in water, and it is associated with varying 
degrees of unpalatability (DWAF, 1996b). Therefore, it is documented that, sulphate 
concentrations of above 500 mg/L in human consumption water are  recommended by 
relevant health water authorities (Lowies, 2014). 
2.3.6 Major cations 
2.3.6.1 Ammonia 
According to the WHO, the term “ammonia” covers both the nonionized form (NH3) and the 
ammonium cation (NH4
+), unless otherwise stated (Organization, 2003). Ammonia is a 
chemical compound which occurs naturally in water bodies as a result of the breakdown of 
nitrogenous organic and inorganic matter that is present in the soil, water and that also has its 
source in excretions by biota. Ammonia also arises from the reduction of nitrogen gas in the 
water body through micro-organisms, as well as from gas exchanges with the atmosphere (Du 
Plessis, 2011). Industrial processes such as pulp and paper production also contribute in the 
discharge of ammonia (Du Plessis, 2011). Furthermore, ammonia is a common pollutant and 
is one of the nutrients contributing to eutrophication (Wright, 2008). This pollutant is also  
used in fertilizer and animal feed production and in the manufacture of fibres, plastics, 
explosives, paper, and rubber. It is used as a coolant, in metal processing, and as a starting 
product for many nitrogen-containing compound (Organization, 2003).  
The presence of ammonia at higher than geogenic levels is an important indicator of 
faecal pollution. Taste and odour problems as well as decreased disinfection efficiency are to 
be expected if drinking-water containing more than 0.2 mg/L of ammonia. However, up to 
68% of the chlorine may react with the ammonia and become unavailable for disinfection 
(Organization, 2003). Cement mortar used for coating the insides of water pipes may release 
considerable amounts of ammonia into drinking water and compromise disinfection with 
chlorine (Organization, 2003). 
The presence of elevated ammonia levels in raw water may interfere with the operation of 
manganese-removal filters, because too much oxygen is consumed by nitrification, resulting 
in mouldy and earthy-tasting water. Additionally, the presence of the ammonium cation in 
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raw water may result in drinking-water containing nitrite as the result of catalytic action or the 
accidental colonization of filters by ammonium-oxidizing bacteria (Organization, 2003). 
Therefore, natural levels of ammonia in groundwaters are usually below 0.2 mg/L. However, 
higher natural contents (up to 3 mg/L) are found in strata rich in humic substances, iron or in 
forests. Surface waters may contain up to 12 mg/L of ammonia. In addition, ammonia may be 
present in drinking-water as a result of disinfection with chloramines (Organization, 2003).  
2.3.6.2 Calcium 
Calcium, the most abundant mineral in the body, is found in some foods, added to others, 
available as a dietary supplement, and present in some medicines (such as antacids) (Health, 
2016). It is an alkaline earth metal and exists as the doubly positively-charged ion, Ca(II). 
Calcium occurs naturally in varying concentrations in most waters and, together with 
magnesium, is one of the main components of water hardness (DWAF, 1996b). This cation is 
an essential element for all living organisms and is an important constituent of the bony 
skeleton of mammals, which consists of calcium phosphates. Mineral deposits of calcium are 
common, usually as calcium carbonate, phosphate or sulphate. However, calcium bicarbonate, 
chloride and nitrate are very soluble in water, calcium sulphate is moderately soluble and 
calcium carbonate and phosphate are insoluble (DWAF, 1996b). 
High concentrations of soluble calcium in industrial wastewater present problems due to 
the calcification of downstream processing. The current trend towards circuit closure and 
increased water reuse will escalate this problem (Hammes et al., 2003). Fresh water usually 
has calcium concentration levels of approximately 15 mg/L (DWAF, 1996b). The norm used 
in the guideline for calcium is based on aesthetic effects, particularly the undesirability of 
scaling in domestic appliances and the impairment of soap lathering. However, calcium is an 
important mineral element in the human diet, the total daily dietary intake being in the range 
of 500 - 1 400 mg/day.  Furthermore, calcium has been reported as exerting a protective 
action against human cardiovascular disease (DWAF, 1996b). 
2.3.6.3 Magnesium 
Magnesium is common in natural waters as Mg2+, and along with calcium, is a main 
contributor to water hardness. Magnesium arises principally from the weathering of rocks 
containing ferromagnesium minerals and from some carbonate rocks (Chapman and 
Kimstach, 1996). This cation is the fourth most abundant one in the body and the second most 
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abundant cation in intracellular fluid. It is a cofactor for some 350 cellular enzymes, many of 
which are involved in energy metabolism (Cotruvo and Bartram, 2009). However, unpolluted 
water should contain magnesium levels ranging between 4 – 10 mg/L. High concentration 
levels of magnesium have bitter taste when dissolved into water, so  this factor can be used as 
a natural protection against the ingestion of potentially harmful concentrations (DWAF, 
1996b). 
As excess magnesium is readily excreted by the kidney, adverse effects such as the 
suppression of the central nervous system and heart function are rarely seen. Excess 
magnesium intake, particularly as the sulphate, results in diarrhea (DWAF, 1996b). However, 
low magnesium levels are associated with endothelial dysfunction, increased vascular 
reactions, elevated circulating levels of protein and decreased insulin sensitivity. Furthermore, 
low magnesium status has been implicated in hypertension, coronary heart disease, type 2 
diabetes mellitus and metabolic syndrome (Cotruvo and Bartram, 2009).  
2.3.6.4 Potassium 
Potassium is an alkali metal which reacts strongly with water to form positively-charged 
potassium ions. It occurs in water in association with anions such as chloride, sulphate, 
bicarbonate and nitrate (Lowies, 2014). Potassium is the main intracellular cation in living 
organisms and is an essential dietary element (DWAF, 1996b). This cation is usually found in 
the ionic form and its salts are highly soluble (Chapman and Kimstach, 1996). Potassium 
concentrations in natural waters are usually low, just below 10 mg/L, as potassium (K+) is 
mostly found in hard weathering rocks. The latter are those rocks that are resistant to weather. 
Minerals that are known to be containing potassium are fieldspars and micas, and potassium 
is also found in association with sodium in many minerals (DWAF, 1996b, Lowies, 2014). 
However, potassium salts are highly soluble in water and precipitation does not occur on 
evaporation, until very high concentrations are reached. Therefore, potassium has a strong 
tendency to remain soluble in water (DWAF, 1996b). Water bodies may have high potassium 
concentrations coming from potassium salts that are widely used in industry and in fertilizers 
for agriculture and enter freshwaters with industrial discharges and run-off from agricultural 
land (Chapman and Kimstach, 1996). It has to be noted that, there are no serious health 
effects resulting from relatively high concentrations of potassium. However, elevated levels 
of potassium in water imparts a bitter taste, and continuous consumption may cause nausea 




Sodium is an alkali metal which reacts with water to form highly soluble, positively- charged 
sodium ions.  It is an essential dietary element important for the electrolyte balance and the 
maintenance of many essential physiological functions.  Sodium is present in all food to 
varying degrees (DWAF, 1996b). Sodium is commonly measured where the water is to be 
used for drinking or agricultural purposes, particularly irrigation. Elevated sodium in certain 
soil types can degrade soil structure thereby restricting water movement and affecting plant 
growth (Chapman and Kimstach, 1996). Relatively high concentrations of sodium might be 
found in brines and also in hard waters softened by the process of sodium exchange. Sodium 
is an important parameter for water quality as soil permeability, and therefore high sodium 
ratio could be detrimental to the fertility. Furthermore, humans afflicted with certain diseases, 
such as high blood pressure, require water with low sodium concentration (Van der Wateren, 
1998). The SABS has therefore set a maximum recommended limit of 100 mg/L and a 
maximum allowable limit of 400 mg/L for sodium in water fit for domestic supply. Levels in 
excess of these limits do not comply to water quality guidelines for human consumption (Van 
der Wateren, 1998). 
2.3.7 Eschericia coli 
A faecal indicator is E.coli,  and is released into aquatic systems as a result of poorly 
functioning and overloaded Waste Water Treatment Works (WWTW), sewage spills, 
informal settlements and agriculture (Verheul, 2012). Commonly used indicators are excreted 
or released consistently by virtually all humans because they are members of the normal 
microbial flora of humans.  Some of the indicators are also consistently excreted by warm-
blooded animals.  Therefore, faecal indicators are always present in sewage-polluted water 
and their numbers are in relatively close correlation with levels of faecal pollution and the 
time since pollution has taken place (DWAF, 1996b). The faecal Coliform group is “used to 
evaluate the quality of wastewater effluents, river water, raw water for drinking water supply, 
treated drinking, water used for irrigation and aquaculture and recreational water”, and 
Eschericia coli is the most common member of this group (Ochse, 2007). 
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2.4 WATER QUALITY CHALLENGES 
2.4.1 Agricultural activities 
Agricultural activities account to 70% water abstractions worldwide, and are the major source 
of water pollution. Farms discharge large quantities of agrochemicals, organic matter, drug 
residues, sediments and saline drainage into water bodies. The resultant water pollution poses 
demonstrated risks to aquatic ecosystems, human health and productive activities (Mateo-
Sagasta et al., 2017). Livestock grazing and croplands, which are often irrigated, have a range 
of contaminants that contribute to environmental degradation and hence poor water quality. 
“Gazing has been shown to affect the hydrological properties of a watershed, particularly the 
rate of infiltration and surface runoff during precipitation events by trampling and removing 
vegetation and compacting soil” (Verheul, 2012). Agricultural land is usually considered as 
an important non-point pollution source in less urbanized watersheds, so significant positive 
relationships are often found between percentage of agricultural land and concentrations of 
water quality parameters, especially nutrients, which are contributed by fertilizer application 
and livestock farming (Verheul, 2012). Therefore, ammonia, nitrate, phosphate and faecal 
matter are indicators resulting from animal waste products, chemical fertilizers and 
decomposing organic matter. Agricultural processes and by-products are recognized as chief 
contributors of chemical pollutants and waste products to water bodies (Verheul, 2012). It 
was further mentioned by Verheul that, the impact of agriculture on regional water quality 
will become even more evident when agriculture is the dominant form of land use. 
2.3.2 Urbanization uncontrolled domestic and industrial wastes 
Water quality problems and issues can be identified with the constituents that cause them. 
Frequently, water quality problems are associated not only with the presence of a constituent, 
but with interactions between constituents. The effects of a water quality constituent on the 
fitness of water for use can sometimes be significantly modified by synergistic or antagonistic 
effects caused by the presence or absence of other constituents in the water (DWAF, 1996a). 
Environmental pollutants originating from industrial and /or anthropogenic activities have 
been reported to increase along with escalating industrialization and urbanization. 
Additionally, heavy metals such as Pb, Hg, Cr, V, Ni, and Zn are primary environmental 
concern even at low concentration due to their high toxicity and non-biodegradability nature 
in the aquatic environment (Masheane et al., 2017). The South African mining sector is one of 
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the critical pillars and drivers of the South African economy, however, many water sources 
are polluted by mining activities which cause acidic effluents such as acid mine drainage. The 
Contamination of water resources due to the disposal of heavy metals through the discharge 
of industrial wastewater is a worldwide problem (Sithole, 2015). Water quality is not only 
affected by agricultural land use and agricultural runoff, but can be affected by urbanization. 
In the process of urbanization, rural type land cover (natural lands, croplands, grasslands, 
forests, pastures) is modified to urban type land uses (residential, commercial, industrial, 
roads), increasing the surface area covered by impenetrable surfaces. This in turn add to the 
sources of water pollution from surface runoff, “e.g. from buildings, roads, industries, sewage 
plants, etc” (Verheul, 2012). Municipal and industrial waste disposal also contributes to 
groundwater pollution (Du Plessis, 2011). As Medeiros et al, reported that variables such as 
sulphate, aluminium, manganese, iron, lead, cadmium, and other toxic elements, generally are 
known to be associated to the domestic effluents and residues resulting from industrial 
activities (Medeiros et al., 2017). 
2.3.3 Mining activities 
Mining activities have many direct and indirect effects on the water quality. Mining at, or 
close to, the soil surface goes hand in hand with the disturbance of surface soils and the 
shattering of bedrock. This in turn affects the water balance of the affected area in that 
infiltration is mostly increased while surface runoff is decreased (Bridgett, 2001). Surface 
mining of coal results in a great damage to the landscape. Many surface mines have removed 
acres of vegetation and altered topographic features, such as hills and valleys, leaving soil 
exposed to erosion and runoff into surrounding rivers and dams. Coal and rock waste often 
dumped indiscriminately during surface and underground mining processes, weather rapidly, 
producing acid drainage (Bridgett, 2001). Acid mine drainage (AMD) is associated with the 
mining of certain minerals such as Fe, Al and Ni, etc. Once acid mine drainage is formed, 
these metals are released into the surrounding environment (Sithole, 2015). It is one of the 
main source of metals in the water environment, and it arise directly from discharge or 
leeching from spoils of operational and abandoned mines (Van Jaarsveldt, 1999). Acid mine 
drainage has low pH and high concentration of Fe3+, and it may be formed when pyrite (iron 
sulphide) is exposed to the surface environment and reacts with air and water to form 
sulphuric acid (Sithole, 2015).  
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2.4 CLIMATE CHANGE IN WATER QUALITY CONTEXT 
Climate change is defined as significant changes in weather patterns over a long period of 
time in a particular area (Merolla, 2012). It is evident in our planet weather and climate 
patterns are changing and will continue to shift, which may increase in return the occurrence 
of extreme weather conditions and modify the normal balance of water bodies and 
ecosystems, leading to the degradation of water quality. These changes in water quality not 
only affect the economic and social welfare but also the sustainability of vital environmental 
flows, ecosystems and biodiversity. Therefore, more scientific understanding is needed to 
address the physical, chemical, biological and socio-economic impacts that current and 
expected climate change have, and will continue to have, on the quality of the world’s 
freshwater resources. 
As climate change results in severe weather conditions, like heavy rainfalls with storm, there 
is increased growth of impervious land surfaces and the associated risks with flooding during 
storm events. These factors are interfering with the natural ability of water bodies to attenuate 
floods and to store flood water. A reduction in this attenuation ability increases the velocity 
and the erosive power of flood waters, thus decreasing slit and sediment deposition between 
storm events and the peal runoff (Silva and Mellissa, 2016). Floods affect water quality by 
either increasing contaminants and sediments from urban and agricultural runoff during high 
rainfalls, which cause a decrease in water quality (Merolla, 2012). Natural replenishment of 
ground water occurs from both diffuse rain-fed recharge and focused recharge via leakage 
from surface waters (that is, ephemeral streams, wetlands or lakes) and is highly dependent on 
prevailing climate as well as on land cover and underlying geology. Climate and land cover 
largely determine precipitation and evaporation, whereas the underlying soil and geology 
dictate whether a water surplus (precipitation minus evaporation) can be transmitted and 
stored in the subsurface (Taylor et al., 2013).  
2.5 ANALYTICAL TECHNIQUES FOR ANION AND CATION MONITORING IN 
WATER SYSTEMS 
2.5.1 Ion chromatography 
Ion Chromatography is a highly selective and sensitive technique for determining inorganic 
anions, organic anions, and cations and is widely used for the analysis of water quality (Fa et 
al., 2018). The main goal of ion chromatography is to provide complete information about the 
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ionic composition of the water sample (Nesterenko, 2001) and is a recognized technique 
involving the separation and identification of various compounds in the liquid phase 
according to their ionic characteristics. Thus, by employing a low-capacity ion exchange 
separator column followed by a suppressor column to reduce the background conductivity of 
the eluent, the ability to detect the eluted ions will be enhanced (Lumka, 2002). In a more 
detailed explanation, IC falls under the subgroup of liquid chromatography. During analysis, 
ions (ionic solutes, inorganic anions and cations) and polar molecules (lower molecular 
weight organic acids, charged proteins, small nucleotides and amino acids) are separated 
based on their charge. It utilises liquid mobile phase, separation column and detector to 
measure the target analyte eluted from the column (Mketo, 2016). During IC analysis, the 
eluent is delivered to the system using a high-pressure pump. The sample is introduced then 
flows through the guard and into the analytical ion-exchange colums where the separation 
takes place (Mketo, 2016).  
2.5.2 Inductively coupled plasma-optical emission spectrometry (ICP-OES). 
The ICP-OES is one of the most widely used analytical techniques for qualitative and 
quantitative determination of trace and major elements in different sample matrices. The 
principle of ICP is based on the spontaneous emission of photons from atoms and ions that 
have been excited in radiofrequency (RF) discharge or induced argon plasma using one of a 
variety of nebulizers (concentric, cross-flow and Babington) or sample introduction 
techniques (hydride generation, electrothermal vaporization and chromatographic couplers) 
(Mketo, 2016) (Nomngongo, 2014). In ICP-OES, the liquid sample is converted to an aerosol 
spray and directed to the channel of argon gas plasma contained by a strong magnetic field. 
Since the plasma has high temperature (6000 to 10000K), the aerosol droplets are quickly 
vaporized. The elements in the sample become excited and the electrons emit energy at a 
characteristics wavelength as they return to the ground state. The emitted light is then 
measured by optical spectrometry (Nomngongo, 2014). In a more detailed explanation, when 
the argon gas is introduced into the ICP-OES, it is divided into nebulizer, auxiliary and 
plasma gases. The nebulizers are selected based on the type of samples to be analysed and 
expected concentration of the target analytes. Sample sprays (aerosol) reaching the plasma is 
rapidly desolvated, vaporised, atomised, ionised or excited through collisional excitation at 
high temperatures of the argon plasma (Mketo, 2016). After that, the atomic emission 
originating from plasma is viewed in either a radial (vertical orientation with limited potential 
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spectral and background interferences) or axial (horizontal orientation with better sensitivity 
and improved limit of detections) configuration, collected with a lens or mirror, and imaged 
onto the entrance slit of a wavelenghth selective device (Mketo, 2016). Single element 
measurements can be performed efficiently with a simple monochromator-photomultiplier 
tube (PMT) combination, and simultaneous elemental determinations are performed for up to 
70 elements with the combination of a polychromator and an array detector. The analytical 
performance of the ICP-OES is competitive with most other inorganic analytical techniques, 
especially with regards to sample throughput and sensitivity (Mketo, 2016).   
2.6 LITERATURE REPORTED WATER QUALITY TRENDS 
A trend in water quality is defined as a change in variables in a particular constituent with 
time, which is caused by known or unknown factors (Ngwenya, 2006). Some of the known 
factors that influence water quality trends are climate change, agricultural activities, 
urbanization, industrialization, human and mining activities. A number of studies have been 
carried out on surface water bodies across the globe to investigate if any discernible patterns 
can be observed in their water quality over lengthy periods of time (Ngwenya, 2006).  For an 
example, in the United States of America water quality changes were observed due to an 
increase in municipal waste treatment, use of salt on highways, and nitrogen fertilizer 
application, along with decreases in leaded gasoline consumption and regionally variable 
trends in coal production and combustion during that period (Smith et al., 1987). In Schuylkill 
River, Pennsylvania, USA, water quality measures including nutrients, conservative solutes 
and bacteria all elicited distinct seasonal patterns driven primarily by river discharge. Mass 
transport rates of sodium and chloride have increased with time, and were elevated in winter, 
presumably as a function of road salt deposition (Interlandi and Crockett, 2003). A steady 
increase in developed land area in the watershed has occurred in recent decades, which 
allowed the use of time as a surrogate parameter for regional development in the construction 
of multiple factor linear models predicting the relative influences of precipitation, river 
discharge and developed land area on river water quality. Increases in solute transport in the 
Schuylkill River in recent decades appear to be the direct result of modern suburban 
development in the watershed (Interlandi and Crockett, 2003). Trends in Lake Michigan water 
quality over 1975-85 appear to reflect reduced nutrient loadings as indicated by gradual 
declines in spring total phosphorus (TP) and summer epilimnetic chlorophyll a (Chl a). 
Deviations from these trends during 1977 and 1983-84 were apparently caused by abiotic and 
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biotic factors, respectively (Scavia et al., 1986). The table below indicates some of the water 
quality trends over the years in different countries. 
 
Table 2.3 literature reported water quality trends 
Water 
type 
Country Year  Water quality Ref. 
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AN ASSESSMENT OF WATER QUALITY VARIABILITY IN SURFACE WATER 
BODIES NEAR INDUSTRIAL AREAS IN THE EAST RAND, SOUTH AFRICA. 
ABSTRACT 
Surface water has many applications, especially in developing countries like South Africa. 
Therefore, this chapter describes physicochemical properties of water samples collected during 
wet and dry seasons from the three rivers (Jukskei, Kaalspruit and Modderfontein Spruit) of 
Ekurhuleni Metropolitan Municipality, Johannesburg, Gauteng, South Africa. This municipality 
is surrounded with various domestic, industrial and agricultural activities, which generate 
polluted wastewater, thereby discharge into these three rivers. Water parameters such as pH, 
electrical conductivity (EC), chemical oxygen demand (COD), total dissolved solids (TDS), 
major anions (Fluoride, Chloride, Nitrate, Phosphate and Sulfate) and major cations (Na+, NH4
+, 
Ca+2 and Mg+2) were determined in order to assess the water quality and its suitability for 
drinking purposes. The obtained results of the water collected from these three rivers showed 
that pH (7.49-8.52), EC (22-38 mg/L) and COD (125-864µS/cm) values were within the 
acceptable WHO standards.  However, TDS of Jukskei river showed highest concentration levels 
(627-587 mg/L) during wet weather condition. This might be due to possible polluted wastewater 
coming from various anthropogenic activities. Only fluoride anions that exceeded acceptable 
international standards with concentration levels of 3.33-2.89 mg/L during wet weather 
conditions.  Alternatively, most major cations (NH4
+, Ca+2 and Mg+2) reached maximum limits, 
except for sodium (20.2-188 mg/L). Then, the selected water parameters (pH, EC, Fluoride ion, 
Chloride ion, Nitrate ion, Phosphate ion, Sulfate ion, Sodium ion, Ammonium ion, Calcium ion 
and Magnesium ion) were used to estimation water quality index (WQI). The WQI of Junskei 
river ranged from 104 to 111, confirming that this water is of poor quality for drinking purpose 
for both wet and dry seasons. The water from KPT and SPT rivers showed WQI of 89.5 and 
66.4, respectively in dry weather conditions. These results suggest that the water from the two 




The well documented drinking water sources include lakes, rivers, streams and dams. These 
water sources are used as portable water supply in several sectors such as agriculture, 
transportation, sanitation, generation of hydropower, sand mining, recreation and 
industrialization (Barakat et al., 2016, Mustapha et al., 2013, Mohamed et al., 2015). For better 
management of these water sources, information about water quality is very crucial (Mohamed et 
al., 2015, Barakat et al., 2016, Mustapha et al., 2013). The water quality management is even 
more vital in developing countries like South Africa; this is because a large number of water 
sources are converted to surface waters due to climate change, rapid population growth and 
environmental water pollution. Literature studies have reported that the quality of surface waters 
from lakes, rivers, streams and dams is mostly affected by anthropogenic activities such as 
agricultural runoffs, mining drainages, industrial and domestic wastewater discharges (Mgbenu 
and Egbueri, 2019, Kawo and Karuppannan, 2018, Wu et al., 2018). The diminishing of water 
quality present far-reaching consequences on livelihood of aquatic life, humans, vegetation and 
animals (Barakat et al., 2016, Mustapha et al., 2013, Mohamed et al., 2015) Therefore, 
frequently evaluation and monitoring of surface water quality are required for integrated 
management of lakes, rivers, streams and dams (Wu et al., 2018, Mena-Rivera et al., 2017, 
Mgbenu and Egbueri, 2019, Ustaoğlu et al., 2020, Xiao et al., 2019). This is because without 
water quality monitoring, it is hardly possible to present the best allocation option for water 
sources (Zeinalzadeh and Rezaei, 2017). Water quality monitoring programs are important tools 
that can be used to prevent possible river water pollution and they can be incorporated in 
remedial policies (Zeinalzadeh and Rezaei, 2017). In addition, for economic, social and 
environmental point of view, the identification of contamination contributors that affect the 
quality of surface water from lakes, rivers, streams and dams is crucial (Barakat et al., 2016).The 
water quality index (WQI) is a mathematical expression widely used for evaluation of the 
portability of water (Mester et al., 2020, Varol, 2020, Ustaoğlu et al., 2020). According to the 
previous studies, WQI assist in informing the public and government administrators about the 
state of the water quality in their area as well as enabling the communication to be of worldwide 
water quality status (Guettaf et al., 2017). The WQI approach has been used in many countries 
around the world to classify water according to its degree of purity or pollution as well as to 
assess the quality of water (Mgbenu and Egbueri, 2019, Aguilar et al., 2019, Zotou et al., 2018). 
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These countries include Germany (Nguyen and Bui, 2020), Nigeria (Mgbenu and Egbueri, 
2019), China (Wu et al., 2018, Tian et al., 2019, Liu and Mao, 2020), South Africa (Marara and 
Palamuleni, 2020, Banda and Kumarasamy, 2020) , Spain (Aguilar et al., 2019), India (Lkr et al., 
2020), Algeria (Guettaf et al., 2017), Greece (Zotou et al., 2018), USA (Alnahit et al., 2020), 
Turkey (Varol, 2020, Ustaoğlu et al., 2020), Brazil (Teixeira de Souza et al., 2020), Mexico (La 
Mora-Orozco et al., 2017), among others. 
The objective of this study was to evaluate the suitability of river water collected from 
Jukskei, Kaalspruit and Modderfontein Spruit rivers for drinking, irrigation, and recreation 
purposes. This was done by: (1) comparing the physicochemical properties of water with water 
quality standards set by World Health Organization (WHO), EPA and South African Department 
of Water and Sanitation. (2) Evaluating the suitability of surface water using computed WQI 
values. The selected water quality parameters in this study include chemical oxygen demand, pH, 
electrical conductivity, total dissolved solids, major cations, and major anions. 
3.2 MATERIALS AND METHODS 
3.2.1 Study area description 
The study area of this project was East Rand, Gauteng Province, South Africa. The East Rand is 
made up of former administrations comprised of nine towns which are Alberton, Benoni, 
Boksburg, Brakpan, Edenvale, Germiston, Kempton Park, Nigel and Springs. These towns are all 
under a municipality called Ekurhuleni Metropolitan (Gumbi, 2015). The Ekurhuleni (which 
means Place of Peace in XiTsonga language) Metropolitan municipality has a total land area of 
approximately 2000 km2, that accommodates a total of 2.8 million people. The population 
density is approximately 1250 people per km2 , making it one of the most densely populated 
areas in the Gauteng Province, South Africa (Gumbi, 2015). 
The city of Ekurhuleni has many different industrial areas (Wadeville, Isando, Springs, 
Nigel, Spartan, Jet Park, Elandsfontein and Modderfontein), where manufacturing is the highest 
contributor towards the city’s economy (Magaqa, 2018).Furthermore, this city has many rivers, 
wetlands, dams and other water bodies (Blesbokspruit river, Kaalspruit river, Jukskei river, 
Germiston lake, etc.) next to the industrial areas (Hoare et al., 2008). In this study the main focus 
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was on Jukskei, Kaalspruit and ModderfonteinSpruit rivers. This is because, these three rivers 
form part of the City of Ekurhuleni’s drainage system (Gumbi, 2015). 
3.2.1.1 Jukskei River 
The Jukskei river starts in Doornfontein, Johannesburg, and flows towards Bedfordview (the east 
of the city) where it turns northward (see Figure 3.1). The region that hosts the Jukskei river is 
densely populated and this river is generally shallow and highly polluted (Silva and Mellissa, 
2016). The Jukskei river drains industrial area in Edenevale, as well as part of Germiston, 
Isando, Spartan and Modderfontein. Moreover, this river is contaminated with mine wastewater 
amongst other contaminants such as untreated effluent, industrial waste, agricultural chemicals, 













Figure 3.1 Location of the Jukskei river (Schoeman, 1982). 
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3.2.1.2 Kaalspruit River 
The Kaalspruit River flows through the northern parts of Kempton Park towards Centurion 
collecting drainage from the formal and informal settlement areas of Thembisa/Ivory Park and 
the industrial areas of Clayville. Figure 3.2 shows that this river flows from south to the north 











Figure 3.2 Location of the Kaalspruit river in reference to the Jukskei (Silva and Mellissa, 2016). 
3.2.1.3 ModderfonteinSpruit River 
As shown in Figure 3.3, the Modderfonteinspruit starts in Kempton in the Croydon industrial 
area. This river receives water from the Spartan industrial area and flows through the Sebenza 
industrial area in Edenvale, just downstream of which effluent from the Kelvin Power Station is 
discharged into the stream (Van Veelen, 2002). From Edenvale, it flows into Modderfontein, 
where effluent from the Estherpark (ERWAT) sewage works, the (ERWAT) Modderfontein 
sewage works and the African Explosives Limited (AEL), formerly known as African 
Explosives and Chemical Industries (AECI), now African Explosives Limited (AEL) factory is 
discharged into the river. In Modderfontein the stream flows through a system of dams and 
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canals which are designed to control the quality of water. The Modderfontein pruit is the only 
tributary of the Jukskei river that is gauged, the flow being measured at a Parshal Flume just 
before entering Midrand (Van Veelen, 2002). This river is about 15 km long and average slope 
of 15,8 m/km, losing 230 m in height between Croydon and the confluence with the Jukskei river 







Figure 3.3 Location of the Modderfontein spruit and other tributaries to the Jukskei river (Dube 
et al., 2017). 
3.2.2 Sampling and sample storage 
Most of the water parameters that contribute to water pollution cannot be analysed on site. 
Therefore, a representative volume of water at a specific point of interest was collected from 
each river for the laboratory analysis (DWAF, 1996a). In this study, water samples were 
collected randomly above water sources from various points.  These sampling points were 
determined based on their closeness to industrial areas. Therefore, Modderfontein, Chloorkop 
and Spartan industrial areas were selected for this study. It is worthy to indicate that water 
samples were collected four times, which include October 2019, February 2020, June 2020 and 
November 2020. These samples were randomly collected in duplicate using one litre (1L) plastic 
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containers from each selected sampling point, stored in a refrigerator at temperature around 4 °C 
and analysed within 24 hours.  
3.2.3 The determination of water physiochemical properties 
3.2.3.1 Potential Hydrogen (pH) 
As defined in the previous chapter, pH is the measurement of how acidic or basic is the solution 
(Oram, 2004). The pH of all water samples was measured using the Metrohm 900 Touch Control 
888 Titrando pH meter, available at Natref  Laboratories, Sasolburg. As part of daily 
maintenance, the electrode was cleaned on the outside with Millipore water and filled with 3 
mol/L potassium chloride (KCL) solution. It is worthy to indicate that, the pH meter was first 
calibrated using buffer solutions of 4.00, 7.00 and 10.00 at 25 °C. Furthermore, the buffer 
solution of 9.00 was used as a Quality Control Standard (QCS), with lower acceptable limit of 
8.6 and upper acceptable limit of 9.2 pH levels. Therefore, any reading of buffer solution 9.00 
that falls outside these limits warrants a recalibration and/or electrode daily maintenance. 
Approximately, 50 mL of the sample was filtered using Whatman 541 GFA filter paper, 0.45 µm 
pore size, and transferred into a clean centrifuge tube or glass beaker. Then, the pH analysis was 
conducted by immersing the cleaned electrode into the centrifuge tube or glass beaker containing 
the sample, while stirring using a magnetic stirrer, and the pH reading of the sample was 
displayed once it is stable and subsequently recorded and/or printed. The electrode was then 
rinsed with Millipore water in between the samples or measurements to prevent cross-
contamination and to increase the accuracy of the results. The analysis was performed following 
the Laboratory SOP (Standard Operating Procedure). 
3.2.3.2 Electrical conductivity (EC) 
The Eletrical Conductivity (EC) was also defined in previous chapter as the numerical 
expression of the water ability to conduct electrical current, resulting from the presence of 
charged species in solution (Molebatsi, 2002). The EC of the samples was measured using the 
Metrohm 912 conductometer that is also available at Natref Laboratories. The instrument was 
fitted with a conductivity electrode. No calibration was conducted on the instrument, but 
verification was performed. The instrument was verified by analysing a Quality Control Standard 
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to ensure that the instrument is in good working condition prior to use. The verification standard 
was prepared by weighing approximately 0.7440 g of KCl in a 100 mL beaker. The KCl reagent 
was firstly oven dried at 150 °C for 2 hours, cooled to room temperature and stored in a 
desiccator. The cooled KCl was dissolved in Millipore water, transferred into a 1000 mL 
volumetric flask and filled to the mark with Millipore water. The conductivity of the Millipore 
water was less than 1.5 µS/cm and the one for quality control standard was 14.31 µS/cm. 
Therefore, the Quality Control Standard had lower acceptable limit of 13.91 µS/cm and upper 
acceptable limit of 14.11 µS/cm. Approximately, 50 mL of the sample was filtered using 
Whatman 541 filter paper, 0.45 µm pore size, and transferred into a clean centrifuge tube or glass 
beaker. Conductivity analysis was performed by immersing the cleaned electrode into the 
centrifuge tube or glass beaker containing the sample, and the conductivity reading of the sample 
was displayed once it is stable and subsequently recorded and/or printed. The electrode was 
rinsed with Millipore water in between the samples or measurements to prevent cross- 
contamination and increase the accuracy of the results. The analysis was performed following the 
Laboratory SOP (Standard Operating Procedure). 
3.2.3.3 Chemical oxygen demand (COD) 
The Chemical Oxygen Demand (COD) is also well explained in the previous chapter as the 
measure of the amount of oxygen from potassium dichromate that reacts with the oxidisable 
substances contained in one litre oxidation of water sample with a hot solution of potassium 
dichromate. The COD analysis was performed at Natref Laboratories using Merck Spectroquant 
UV/VIS Spectrophotometer Prove 300, COD reaction Cell Test 10-150mg/L reagent and a 
thermo-reactor. The latter was preheated at 148 °C. The sediment at the bottom of the COD 
reaction cell was made to suspend by swirling the cell. Known amount of the sample (3 mL) was 
pipetted into the reaction cell. The latter was then closed tightly using relevant screw cap, 
inserted into the preheated thermo-reactor and left to digest for 2 hours. After 2hours has 
elapsed, the hot cell was taken out of the thermo-reactor and left to cool at room temperature on 
the cell rack. The cell was then analysed using the above mentioned photometer and the results 
were expressed in mg/L COD. The analysis was performed following the Laboratory SOP. 
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3.2.3.4 Total dissolve solids (TDS) 
Total dissolved solids (TDS) are major anions, major cations and small amounts of organic 
matter dissolved in water. These chemical substances can be dissolved in water in various forms 
which include molecular, ionized, or microgranular. In the current study, the amount of TDS 
present in water samples was measured by weighing the solid residue that were remaining after 
evaporating water. It is worthy to indicate that, a relatively small amount of the TDS can include 
non-ionic matter which carry insignificant electrical charge. Therefore, values of TDS are 
commonly inversely proportional to resistivity values or directly proportional to values of 
conductivity. For example, water with low TDS will show high resistivity or low conductivity. 
3.2.3.5 Major anions and cations 
Major anions (fluoride, chloride, nitrate, phosphate and sulphate ions) and major cations 
(sodium, ammonium, potassium, calcium and magnesium ions) were analysed using the 
Metrohm 930 Compact IC Flex and also the Metrohm 940 Professional IC Vario. The Metrohm 
Compact IC Flex is available at Natref Laboratories, Sasolburg, while Metrohm 940 Professinal 
IC Vario was available at South African Police Service Forensic Science Laboratory. In both 
instruments, samples were filtered using the 0.45 µm pore size syringe filters prior to analysis. 
The filtered samples were then transferred into 10 mL poly-propylene vials. The two IC 
instruments were integrated with single unit systems, which mean that they analyse both anions 
and cations simultaneously. From a single vial, dosing was performed by the instrument for 
anion determinations, and another dosing for cation determinations.  
On the Metrohm Compact IC Flex, the Metrosep C6-50/4.0, column was used for cation 
analysis, at a flow rate of 0.9 mL/min, and Metrosep a Supp 6 column was used for anion 
analysis at a flow rate of 0.7 mL/min. For both anions and cations, the full loop injection volume 
of 20 µL was used. The anions eluent solution used was a mixture of 3.2 mmol/L sodium 
carbonate (Na2CO3) (678 mg/2L) and 1mmol/L sodium bicarbonate (NaHCO3) (168 mg/2L). 
The cations eluent solution used was a mixture of 1.7 mmol/L nitric (HNO3) acid and 0.7 
mmol/L dipicolinic acid. Lastly, this IC instrument was fitted with Metrohm Suppressor Module 
(MSM) where 0.5 mol/L sulphuric acid was used for H+ regeneration. 
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On the Metrohm 940 Professional IC Vario, the Metrosep a Supp 5-50/4.0 column was used 
for anions, at a flow rate of 0.7 mL/min and Metrosep C4-150/4.0 column at 0.9 mL/min flow 
rate was used for cations. The maximum full loop injection of 20 µL was used as well. The 
anions and cations eluent solutions used were similar to those of Metrohm 930 Compact IC Flex. 
It is worth to note that both instruments used the Conductivity Detector. Multi ion standard was 
used for quality control purposes and both IC instruments were calibrated with a sets of aqueous 
external calibration standards. The use and operation of the instruments was conducted by 
following approved Standard Operating Procedures (SOPs). 
3.2.4 The determination of water quality index 
The values of eleven parameters (pH, conductivity, fluoride ion, chlorides, nitrates, phosphates, 
sulphate, Na, ammonium ion, Ca and, Mg) and WHO drinking water standards were used to 
estimate the water quality index (WQI) values. The water quality variables and their desirable 
WHO standards as well as weight and relative weights are presented in Table 3.1. The 
assignment of weights to calculate the WQI values for river water parameters was adopted from 
the literature (Dhayachandhran and Jothilakshmi, 2020, Sharmin et al., 2020, Singh et al., 2020, 
Gao et al., 2020, Bashir et al., 2020). The equations 1-4 were used to calculated relative weights 
and WQI values. 
The relative weight (RWi) is calculated with following equation: 
          (1) 
Where, RWi = Relative weight and AWi = Assigned weight  
The quality rating scale for each parameter is conveyed with the following equation: 
          (2) 
Where, qi = Quality rating for ith parameter, si = permissible standard for ith parameter set by the 
WHO and ci = Concentration of ith chemical parameter of water sample (mg L-1) 
Sub index (SIi) for each parameter is calculated by equation: 
          (3) 
Where, SIi = sub index of ith parameter and qi = rating based on concentration of ith parameter 
WQI is calculated using the following equation: 
           (4) 
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Table 3.1 WQI parameters, WHO desirable limit (2011 weights and relative weights) 
(Dhayachandhran and Jothilakshmi, 2020, Sharmin et al., 2020, Singh et al., 2020, Gao et al., 
2020, Bashir et al., 2020) 






pH 8.5 4 0.11 
Conductivity (µS/cm) 1000 3 0.081 
Fluoride ion (mg/L) 1.5 2 0.054 
Chloride ion (mg/L) 250 3 0.081 
Nitrate ion  (mg/L) 50 5 0.14 
Phosphate ion  (mg/L) 10 5 0.14 
Sulfate ion  (mg/L) 250 3 0.081 
Sodium ion  (mg/L) 200 3 0.081 
Ammonium ion  
(mg/L) 
1.5 5 0.14 
Calcium ion  (mg/L) 75 2 0.054 
Magnesium ion  (mg/L) 50 2 0.054 
 
3.3 RESULTS AND DISCUSSION  
3.3.1 Physicochemical parameters  
3.3.1.1 pH, EC, COD, and TDS 
Physiochemical properties such as pH, electrical conductivity (EC), chemical oxygen demand 
(COD) and total dissolved solids (TDS) were measured in all water samples that were collected 
from three sampling sites and the results as shown in Table 3.2. However, TDS values were only 
measured in samples that were collected in November of 2020. This is because of the unforeseen 
experimental challenges. The investigated water samples collected in October 2019 and February 
2020 showed slightly alkaline characteristics with pH values ranging from 8.05 to 8.52, 
irrespective of the sampling point. These pH values were relatively close to World Health 
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Organisation (WHO) desirable limits (8.50, see Table 3.1) and to those ones that were published 
in literature (Dhayachandhran and Jothilakshmi, 2020, Sharmin et al., 2020, Singh et al., 2020, 
Gao et al., 2020, Bashir et al., 2020). However, during winter season (June 2020), pH valuses 
showed a slightly decrease (7.49-7.77), which suggested neutrality of the water (equal amounts 
of hydronium and hydroxl ions) which mught be caused by evaporation during dry season.  
During rainy season (November 2020), the pH values stated to pick up again,  ranging from 7.71 
to 7.98.  
Most of the inorganic salts present in water are in their ionic form, thereby conducts electric 
current. Therefore, electrical conductivity (EC) is a good indicator to monitor water quality. 
According to WHO, the accepetable maximum limit for EC are 1000 µS/cm and the obtained 
values for the tested water samples from the water bodies (JKS, KPT and SPT) were all less than 
the maximum limit.  However, EC values of water samples collected from both Jukskei (JKS) 
and Kaalspruit (KPT) rivers were relatively high (803.8-864.3 µS/cm) as compared to EC values 
of ModderfonteinSpruit (SPT) river (125-455 µS/cm). The high values of EC might be due to the 
domestic discharged and agricultural run-offs, which cause an increase of the charging species in 
the water. Since EC is directly proportional to TDS, Jukskei (JKS) and Kaalspruit (KPT) rivers 
are expected to have high levels of TDS. Due to experimental challenges, the latter was only 
measure in samples that were collected in November 2020. The JKS showed highest 
concentration levels of TDS (627-587 mg/L) as compared to the other two rivers (KPT and SPT). 
These results were highly expected, because JKS river is surrounded with densely populated 
residential area and it can be easily polluted by mine wastewater, untreated effluent, industrial 
waste, agricultural run-offs, hydrocarbons and other chemical discharges (Silva and Mellissa, 
2016).  
Chemical Oxygen Demand (COD) parameter measures the amount of oxygen that can be 
consumed by chemical reactions taking place within the investigated solution. This parameter is 
mostly expressed in mass of oxygen consumed over volume of solution, hence its SI unit is 
mg/L. The COD concentration levels of the current study range from 22 to 38 mg/L (see Table 
3.2) and the permitted limit is 250 mg/L (Dhayachandhran and Jothilakshmi, 2020). Therefore, 
the COD valuse of all the three rivers is within the acceptable levels of the international 







Table 3.2 Physicochemical parameters of Jukskei, Kaalspruit, and ModderfonteinSpruit rivers  
Sampling date Sample Name pH EC (µS/cm) COD (mg/L) TDS (mg/L) 
October 2019 JKS 1-1 8.41 803.8 22 No analysis 
JKS 1-2 8.45 837.2 22 
KPT 1-1 8.39 840.1 36 
KPT 1-2 8.28 839.6 34 
SPT 1-1 8.51 125.6 29 
SPT 1-2 8.44 124.8 25 
February 2020 JKS 2-1 8.13 815.7 26 No analysis 
JKS 2-2 8.22 824.3 24 
KPT 2-1 8.43 844.8 35 
KPT 2-2 8.52 847.2 35 
SPT 1-1 8.05 436.5 28 
SPT 2-2 8.08 434.9 27 
June 2020 JKS 3-1 7.69 850.9 34 No analysis 
JKS 3-2 7.64 849.5 34 
KPT 3-1 7.49 378.8 35 
KPT 3-2 7.52 377.6 37 
SPT 3-1 7.77 416.7 29 
SPT 3-2 7.74 415.6 25 
November 
2020 
JKS 4-1  7.87 815.5 31 627 
JKS 4-2 7.93 823.9 33 587 
KPT 4-1 7.67 864.3 38 233 
KPT 4-2 7.71 854.8 38 247 
SPT 4-1 7.98 453.5 26 317 
SPT 4-2 7.83 455.1 28 260 
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JKS: Jukskei river; KPT: Kaalspruit river; SPT: ModderfonteinSpruit river, EC: Electrical 
Conductivity; COD: hemical Oxygen Demand; TDS: Total Dissolved Solids   
3.3.1.2 Major anions 
Major anions investigate in the current study include Fluoride ion (F-), Chloride ion (Cl-), Nitrate 
ion  (NO3
-), Phosphate ion  (PO3
-2) and Sulfate ions (SO4
-2) with accepted limits of  1.5, 250, 50, 
10 and 250 (mg/L), respectively, as shown in Table 3.3. The major anion results for the current 
study are illustrated in Table 3.3. The F- ion concentration levels ranges between 1.27 to 3.33 
mg/L and were only detectable in rainy seasons (October 2019 and November 2020). 
Furthermore, most of the measured F- concentration levels exceeded acceptable international 
standards. The ModderfonteinSpruit river even doubled the permittable limit (3.33-2.89 mg/L), 
resulting of surrounding industrial wastewater discharges (Van Veelen, 2002) .  
     Chloride anions are well-known essential elements for human health life. However, if this 
element reaches above accepted maximum concentration levels of 250 mg/L, the drinking water 
will have a salty taste. In the current study, Cl anion concertation levels are between 22 to 168 
mg/L, which shows agreement with the accepted limits of <250 mg/L. However, there is a huge 
difference in Cl concentration levels of samples collected during rainy season (October 2019, 
February 2020 and November 2020), when compared with dry season (June 2020). The higher 
concentrations of Cl ions might be due to sewage and industrial polluted water.  
The nitrate concentration levels were within the acceptable limits (2.36-50.1 mg/L), except 
for samples collected from Kaalspruit river, which doubled the maximum limit by 2 (112-109 
mg/L) during wet season (October 2019). The high concentration levels of nitrates might be 
attributed to agricultural run-offs. All the phosphate and sulphate concentration values were 
within the approved limits, except for one ModderfonteinSpruit river sample which reported 




Table 3.3 Major anions of Jukskei, Kaalspruit, and Modderfonteinspruit rivers 












October 2019 JKS 1-1 1.28 128 32.198 1.94 164 
JKS 1-2 1.47 138 33.657 1.99 173 
KPT 1-1 1.43 107 24.190 12.1 101 
KPT 1-2 2.51 117 26.136 9.88 107 
SPT 1-1 3.33 150 30.122 28.3 125 
SPT 1-2 2.89 135 34.494 3.26 170 
February 2020 JKS 2-1 <DL 134 43.872 9.57 158 
JKS 2-2 <DL 131 50.132 11.7 160 
KPT 2-1 <DL 165 112.387 2.43 213 
KPT 2-2 <DL 168 109.364 1.95 220 
SPT 1-1 <DL 154 23.7 <DL 134 
SPT 2-2 <DL 150 25.4 <DL 126 
June 2020 JKS 3-1 <DL 75.6 27.8 <DL 124 
JKS 3-2 <DL 75.9 27.5 <DL 123 
KPT 3-1 <DL 34.2 2.36 1.16 18.9 
KPT 3-2 <DL 34.8 3.00 1.08 19.4 
SPT 3-1 <DL 23.6 2.65 <DL 40.9 
SPT 3-2 <DL 22.5 4.28 <DL 42.6 
November 2020 JKS 4-1  1.82 816 31 13.0 157 
JKS 4-2 1.80 103 59.0 14.3 163 
KPT 4-1 1.64 103 67.5 <DL 2334 
KPT 4-2 1.65 164 124 <DL 230 
SPT 4-1 1.64 163.5 122 10.3 143 
SPT 4-2 1.65 47.8 27.2 <DL 121 




3.3.1.3 Major cations 
There are four major cations (Na+, NH4
+, Ca+2 and Mg+2) investigated in the current study. The 
acceptable limits for these cations are listed in Table 3.1 (Na+:200, NH4
+: 1.5, Ca+2: 75 and 
Mg+2: 50) and the measured concentrations are illustrated in Table 3.4. The other three major 
cations (NH4
+, Ca+2 and Mg+2) exceeded WHO concertation level limits, except for sodium with 
concentration ranges of 20.2-188 mg/L. However, ammonium cation was even much higher, 
reaching maximum of 18.2 mg/L. These concentration values raises concerns and might be 
attributed to the domestic wastewater discharge.       
Table 3.4 Major cations of Jukskei, Kaalspruit, and ModderfonteinSpruit rivers. 










October 2019  JKS 1-1 63.3 12.7 87.7 71.9 
JKS 1-2 25.5 5.16 135 32.9 
KPT 1-1 91.2 7.69 38.5 63.3 
KPT 1-2 102 12.1 38. 6 63.1 
SPT 1-1 137.5 16.8 36.7 65.7 
SPT 1-2 62.0 18.2 41.1 72.5 
February 2020 JKS 2-1 63.8 <DL 116 77.5 
JKS 2-2 66.1 <DL 100 80.3 
KPT 2-1 89.3 <DL 42.6 62.8 
KPT 2-2 81.6 <DL 38. 5 69.1 
SPT 1-1 35.8 <DL 32.4 50.5 
SPT 2-2 38.2 <DL 35.0 46.8 
June 2020 JKS 3-1 70.3 11.7 62.6 80.9 
JKS 3-2 70.1 11.3 61.2 78.2 
KPT 3-1 45.9 8.69 11. 9 49.9 
KPT 3-2 45.1 8.55 12.1 50.9 
SPT 3-1 21.4 7.55 36.4 67.5 
SPT 3-2 20.2 7.32 37.0 68.5 
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November 2020 JKS 4-1  105 <DL 103.8 20.1 
JKS 4-2 103 <DL 103.8 20.1 
KPT 4-1 188 <DL 92.1 7.08 
KPT 4-2 184 <DL 92.3 7.31 
SPT 4-1 44.5 <DL 87.7 9.74 
SPT 4-2 42.4 <DL 86.0 9.86 
JKS: Jukskei river; KPT: Kaalspruit river; SPT: ModderfonteinSpruit 
3.3.2 Water quality index 
The Water Quality Index (WQI) method was used precisely to determine the suitability of the 
river water for drinking purpose. The selected water parameters for the estimation of WQI 
include pH, Electrical Conductivity (EC), Fluoride ion, Chloride ion, Nitrate ion, Phosphate ion, 
Sulfate ion, Sodium ion, Ammonium ion, Calcium ion and Magnesium ion. Furthermore, weight 
and relative weight percentages of these parameters are given in Table 3.1, description of WQI 
is shown in Table 3.5 and the WQI results of the three sample sites during the wet and dry 
season are presented in Table 3.6. The results revealed that Junskei river has high values of WQI 
(104-111) in both seasons and the water from this river was classified as poor for drinking 
purposes. During the dry season, the WQI values for water collected from KPT (89.5) and SPT 
(66.4) were categorised as good water for drinking. The change of pattern between the dry and 
wet season may be due to water pollution changes in the river. Similar trends were also 
published in literature (Dhayachandhran and Jothilakshmi, 2020, Sharmin et al., 2020, Singh et 
al., 2020, Gao et al., 2020, Bashir et al., 2020). 
Table 3.5 Drinking WQI description (Dhayachandhran and Jothilakshmi, 2020, Sharmin et al., 
2020, Singh et al., 2020, Gao et al., 2020, Bashir et al., 2020) 
WQI Range  Type of water 
<50 Excellent water  for drinking  
50-100 Good water for drinking 
100.1-200 Poor water for drinking 
200-300 Very poor water for drinking 
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>300.1 Water unsuitable for drinking purpose 
 
Table 3.6 Calculated WQI for all the three river samples 
  Dry  Type of water  Wet  Type of water  
JKS 111 Poor for drinking 104 Poor for drinking 
KPT 89.5 Good for drinking 121 Poor for drinking 
SPT 66.4 Good for drinking 129 Poor for drinking 
 
3.4 CONCLUSIONS 
The water quality parameters such as Chemical Oxygen Demand (COD), pH, Electrical 
Conductivity (EC), Total Dissolved Solids (TDS), major cations, and major anions were 
successfully monitored in three rivers (Jukskei, Kaalspruit, and ModderfonteinSpruit) of 
Ekurhuleni Metropolitan Municipality, Johannesburg, Gauteng, South Africa during both wet 
and dry seasons. The pH values ranged from 7.71 to 8.52 during wet season and a slightly 
decrease in pH (7.49-7.77) was observe during dry weather conditions. However, in overall, the 
pH values were within the acceptable WHO standards, irrespective of the sampling site. The 
COD (124.8-864.3 µS/cm) and EC (22-38 mg/L) were also under the approved levels of the 
international standards. The TDS concentration levels of the three rivers only were only 
measured in wet season (November 2020) and Jukskei river showed highest concentration levels 
(627-587 mg/L),  densely populated surrounding residential areas and possible polluted 
wastewater coming from mining activities, untreated effluent, industrial waste, agricultural run-
offs, hydrocarbons and other chemical discharges.   
Major anions investigated in the current study include Fluoride ion (F-), Chloride ion (Cl-), 
Nitrate ion (NO3
-), Phosphate ion (PO4
-2) and Sulfate ions (SO4
-2).  The fluoride concertation 
levels were only detectable during the wet weather (October 2019 and November 2020) and they 
exceeded acceptable international standards (3.331-2.885 mg/L), because of the surrounding 




agree with the acceptable WHO levels. The acceptable WHO concertation levels were exceeded 
by the other three major cations (NH4
+, Ca+2 and Mg+2) and ammonium cations were even much 
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higher, reaching maximum of 18.245 mg/L. Only sodium concentration levels that were within 
the approved range (20.232-187.574 mg/L).  
Finally, the calculated WQI values (104-111) confirmed that Junskei river has poor water for 
drinking in both wet and dry seasons. The water from the other two rivers (KPT: WQI=89.5 and 
SPT: WQI= 66.4) were categorised as good water for drinking, only in dry weather conditions.     
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ASSESSMENT OFTRACE METAL VARIATION IN RIVER AND SURFACE WATERS 
NEAR INDUSTRIAL AREAS IN THE EAST RAND, GAUTENG PROVINCE, SOUTH 
AFRICA. 
ABSTRACT 
River water is considered as a reliable source for domestic purposes especially in rural areas and 
some informal settlements. This investigated the effects of human exposure to twenty two trace 
metals in river water samples collected from Jukskei River, Kaalspruit River and 
Modderfonteinspruit River during wet and dry season. The river water samples were analysed for 
trace metals suchas Be, Al, Ti, V, Cr,  Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Ag, Cd, Sb, Ba, 
Tl, Pb and  Bi using inductively coupled plasma mass spectrometry (ICP-MS). The results shows 
that the most of the investigated trace metals were within the permissible limits set by WHO and 
other international bodies except for Al, Ti, Mn (except Jukskei River), Sb, Mn and Mo during 
the dry season. During the wet season Mn, Fe and Pb in  Kaalspruit River exceeded the WHO 
drinking water guidelines. The potential health risks of the investigated trace metals on the local 
population were studies using chronic daily intake (CDI) and health risk index (HRI). Theresults 
obtained revealed that the CDI values for Ti, Mn, Fe, Zn, Sr, Mo, Sb (except during wet season) 
and Ba were greater than 1 indicating potential health risk to both children and adults.  
4.1 INTRODUCTION 
Drinking water quality and environmental security is one of the major global issues (Igbemi et 
al., 2019). Presently, there is a rising trend that fresh water sources are under vast stress due to 
rapid population growth, industrialization and urbanization (Ustaoğlu et al., 2020). Furthermore, 
in most developing countries, the problem is further intensified by lack of proper water resource 
management, financial constraints, climate change and water pollution (Chalchisa et al., 2018). 
Water pollution by trace metals is the biggest changes in many countries around the worldwide  
(Sánchez-Quiles et al., 2017). This is caused by inappropriate disposal of industrial effluents, 
mining and agricultural activities which poses huge impact on the quality of drinking water and 
ecosystem (Belabed et al., 2017). 
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Trace metals have been referred to as common pollutants, which are widely distributed in the 
environment with sources mainly from the weathering of minerals soils. However, the level of 
these metals in the environment has increased tremendously as a result of human inputs and 
activities (Awofolu et al., 2005).A significant part of anthropogenic emissions of heavy and trace 
metals ends up in wastewater (Baysal et al., 2013). The risk associated with exposure to trace 
metal toxicity level depends on the type, and concentration as well as biological role of a 
particular trace metal (Mohod and Dhote, 2013). For example, depending of the nature of trace 
metal, the long term exposure and accumulation of trace elements in the human body leads to 
series of health problems (Batayneh, 2012, Hembrom et al., 2020).The presence of toxic metals 
such as Pb, As, Sb, Hg, Tl and Cd in the environment has been a source of worry to 
environmentalists, government agencies and health agencies because they are known to be 
cancer-inducing agents (Fu and Xi, 2020, Tchounwou et al., 2012). This is mainly due to their 
health implications since they are of non-importance to humans and the negative impact to the 
aquatic life (Awofolu et al., 2005). Trace metals such as Fe, V, Co, Mg, Mo, Cu  and Ni are 
essential nutrients and they are needed for many biochemical and physical functions of the body 
and plants (Engwa et al., 2019). High concentrations of these metals become toxic and they 
cause serious problems to the ecosystem (Gebrekidan and Desta, 2019). Furthermore, trace 
metals such as Al, Be, Sr, Bi, Ba, Ag, Te, Sn and Ga are non-essential but they can also cause 
problems to human being (Bawuro et al., 2018). 
Several analytical techniques have been used for the detemination of heavy metals riiver 
water samples. These innclude flame atomic spectrometry (FAAS) (Pan et al., 2020; Karimian et 
al. 2020), inductively coupled plasma optical emission spectrometry (ICP-OES) (Sulieman et al. 
2020), and inductively coupled plasma mass spectrometry (ICP-MS) (Alkas et al., 2017). Among 
these, ICP-MS is one of the most reliable techniques due to its attractive charateristics such as 
accuraty, sensitivivy, and low detection limits (Kuznetsovaet al., 2020; Wijaya et al., 2019; 
Cengiz et al., 2020). In addtion, ICP-MS has an ability to simultaneously detect a several metal 
with diverse concentration levels in short time (Kuznetsovaet al., 2020; Wijaya et al., 2019; 
Cengiz et al., 2020).  
the aim of this work was to assess the pollution status of the heavy metals/metalloids in river 
water samples from Jukskei River, Kaalspruit River and Modderfonteinspruit River during wet 
and dry season. The potentential health risk of each metal was also investigated.  
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4.2 MATERIALS AND METHODS 
4.2.1Sample analysis 
The river water samples were filtered through a 0.22-μm PVDF membrane and acidized by 
concentrated nitric acid before analysis. The concentrations of Be, Al, Ti, V, Cr,  Mn, Fe, Co, Ni, 
Cu, Zn, As, Se, Sr, Mo, Ag, Cd, Sb, Ba, Tl, Pb and Bi were analysed using inductively coupled 
plasma mass spectrometry (ICP-MS, Agilent 7900, Agilent technologies, USA) equipped with 
HMI, Ni interface cones, and fourth-generation Octopole Reaction System (ORS4) 
collision/reaction cell (CRC) technology. The samples were introduced into the system using the 
Agilent SPS 4 autosampler.  
4.2.3 Health risk assessment on river water 
Health risk assessment is the process used to estimate the occurrence of possible of adverse 
health effects caused by pollutants over a period of time (Refs). Health risk assessment of trace 
metals in river water was assessed via oral route exposure for adults and children inhabitants. 
This was done in accordance to the United States Environmental Protection Agency (US EPA) 
risk assessment methodology (EPA), 2016). 
4.2.3.1 Chronic daily intake (CDI) 
According to previous studies, the most significant route for trace metal exposure is through oral 
intake of drinking contaminated water (Saleem et al., 2015).The chronic daily intake (CDI) was 
used to estimate the health risk analysis for the river water from the study area. The CDI was 
calculated using Equation 1.  
 
  ……eq 1         
 1 
where, CDI is Chronic Daily Intake (g/kg/day), Cm is the concentration of heavy metal in 
drinking water (g/L), Iw is the average daily intake of water (assumed to be 2 L/day for adult and 




4.2.3.1 Health risk index (HRI) 
The health risk index (HRI) was use conduct the health risk assessment and it was calculated 
according to Equation 2 
 
  …….eq 2 
Where RfD is the acceptable safety level for chronic non-carcinogenic and developmental 
effects.According to USEPA, HRI< 1 reveals implausible adverse health impact to the exposed 
humans, whereas HRI ≥ 1 suggests that there is a possibility that non-carcinogenic impacts might 
occur (EPA), 2016). 
4.3 RESULTS AND DISCUSSION  
Concentration levels of trace metals were obtained and comparison between dry and wet were 
done. From all the trace metals in dry and wet seasons, Se and As were found to have the lowest 
concentration levels, and Ti and Mo were the highest in all three water bodies. The Kaalspruit 
river was found to have the highest mean concentration levels for dry season, followed by 
Jukskei river and with Modderfonteinspruit river having the lowest. 
 
4.3.1 Trace metals Concentration and Distribution 
The concentrations of twenty two trace metals detected in the selected river water samples in 
Jukskei River, Kaalspruit River and Modderfonteinspruit River are presented in Table 4.1 and 
4.2. The monitoring study was carried during the wet and dry seasons. The results obtained 
during the dry season of the studies revealed that element concentration levels were below or 
within the permissible limits set by WHO drinking water guidelines (Edition, 2011). However, 
the concentrations Al, Ti, Mn (except Jukskei River), Sb, Mn and Mo were found to be above the 
permissible limits (Table 4.1). Notablyhigh concentration of Mo, Sb and Ti were recorded in all 
sampling sites during the dry season. In contrast to the dry season results, during the wet season 
relatively low concentration of investigated metals were recorded (Table 4.2). Highest 
concentrations of Ti were recorded in all cites and they followed the order Kaalspruit River> 
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Jukskei River>Modderfonteinspruit River. In Jukskei River, Kaalspruit River, Al exceeded the 






Table 4. 1: Trace metals during dry season 
  Jukskei River Kaalspruit River Modderfonteinspruit River  
  Min Max Mean Min Max Mean Min Max Mean  
Be  0.30 0.38 0.34 <DL <DL <DL 0.23 0.11 0.17 12 
Al  296 300 298 281 622 451 129 145 137 100-200 
Ti  5366 7292 6329 4747 8668 6708 3715 4644 4179 100 
V  18.5 18.5 18.5 5.92 18.7 12.3 3.9 4.1 4.0 100 
Cr  3.97 3.97 3.97 3.18 3.65 3.42 3.97 4.44 4.21 50 
Mn 159 154 157 176 484 330 422 413 417 400 
Fe 326 370 348 493 1720 1107 985 1074 1029 300 
Co 1.49 1.41 1.45 5.09 1.58 3.34 3.65 3.54 3.59 70-100 
Ni 15.8 15.9 15.9 13.2 20.3 16.8 5.69 5.72 5.71 70 
Cu 10.1 16.2 13.2 8.326 10.9 9.61 15.3 7.21 11.3 2000 
Zn 43.5 45.6 44.6 61.6 44.0 52.8 125 178 151 4000 
As  1.55 1.6 1.59 3.054 1.750 2.402 0.412 0.930 0.671 10 
Se  0.50 0.6 0.54 0.70 0.233 0.47 0.47 0.52 0.50 10 
Sr  471 472 471 192 479 335 158 153 156 7000 
Mo 36564 37786 37175 938 38307 19622 1050 1663 1357 70 
Ag  0.041 0.19 0.11 <DL 0.0087 0.0043 <DL <DL <DL 100 
Cd 0.071 0.072 0.072 0.059 0.180 0.12 <DL 0.0069 0.0034 3 
Sb 1478 1512 1495 1365 1569 1467 <DL 233 117 20 
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Ba 66.0 64.2 65.1 71.8 66.8 69.3 68.5 69.1 68.8 700 
Tl <DL 0.054 0.027 <DL <DL <DL <DL <DL <DL 2 
Pb 3.97 3.99 3.98 5.54 38.98 22.3 0.79 0.98 0.89 10 
Bi    1.07 2.40 1.74 1.54 95.4 48.4 <DL 0.70 0.35 NR 
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Table 4.2: Trace metals during wet season  
  Jukskei River Kaalspruit River Modderfonteinspruit River  
  Min Max Mean Min Max Mean Min Max Mean  
Be  0 0.062 0.031 <DL 0.12 0.062 0.12 0.19 0.16 12 
Al  378 490 433 141 141 141 28.6 29.9 29.2 100-200 
Ti  750 328 539 4405 4452 4428 141 211 176 100 
V  29.1 30.2 29.6 2.45 2.63 2.54 2.79 2.83 2.81 100 
Cr  1.13 1.36 1.24 1.24 1.16 1.20 0.71 0.63 0.67 50 
Mn 112 159 136 582 583 582 67.3 92.1 79.7 400 
Fe 67.1 69.7 68.4 1808 1860 1834 68.9 115 91.8 300 
Co 2.60 2.78 2.69 5.56 5.63 5.59 1.53 1.56 1.54 70-100 
Ni 16.3 17.4 16.9 12.8 13.2 13.0 3.30 4.62 3.96 70 
Cu <DL <DL <DL <DL <DL <DL <DL <DL <DL 2000 
Zn 30.2 31.2 30.8 100 102 101 46.0 47.3 46.6 4000 
As  2.74 2.75 2.74 1.71 1.79 1.75 0.50 0.58 0.54 10 
Se  1.44 1.49 1.46 0.15 0.31 0.23 0.15 0.46 0.31 10 
Sr  729 742 736 354 358 356 163 163 163 7000 
Mo 46.7 48.0 47.4 1.50 2.00 1.75 0.68 0.84 0.76 70 
Ag  <DL <DL <DL <DL <DL <DL <DL <DL <DL 100 
Cd 0.060 0.079 0.069 0.045 0.049 0.047 0.043 0.045 0.044 3 
Sb 1.14 1.14 1.14 0.28 0.29 0.29 0.15 0.17 0.16 20 
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Ba 47.3 48.3 47.8 38 39 39 73.5 73.9 73.7 700 
Tl 0.0079 0.0090 0.0084 <DL <DL <DL <DL 0.0034 0.0017 2 
Pb 2.31 2.57 2.44 9.92 10.27 10.09 0.83 0.86 0.85 10 




4.3.3 Human health risk Assessments 
4.3.3.1. Chronic daily intakes 
Table 4.3 present the summary of the calculated CDI values of for the investigated trace metals 
for consumption of untreated river watercollected fromJukskei River Kaalspruit River and 
Modderfonteinspruit River for both adults and children. Table 4.3 shows the CDI values 
obtained using the average concentrations of trace metals detected. The CDI values for Be, V, 
Cr, Co, Ni, Cu, As, Se, Ag, Cd, Tl, Pb, Bi (except Kaalspruit River during dry season) were 
found to be less than 1 for both adults and children. These results suggest that with respect to the 
above-mentioned metals, there are minimal toxic risks caused by river water exposure in the 
study area. The remaining calculated CDI values of Al (except in Modderfonteinspruit River 
during wet season), Ti, Mn, Fe, Zn, Sr, Mo, Sb (except during wet season) and Ba for both adults 
and children were greater than 1 suggesting that there is high possibility of health risk. The CDI 
values that were above 1, ranged from 1.5-1239 μg-1 kg-1·day-1 and 1.0-148 μg-1 kg-1·day-1   for 
dry and wet season respectively. These results revealed that during dry season, the rivers were 
more contaminated compared to wet season. The CDI values for Mo during the dry season 
exceeded the RfD limit value of 10μg -1 kg-1·day-1 (Kusin et al., 2018). The CDI values in the 




Table 4.3: Chronic daily intakes (CDIs, μg-1kg-1·day-1)) of trace metals in river waterfrom Jukskei River, Kaalspruit River and 
Modderfonteinspruit River 
 Dry season  Wet season 
  Jukskei River Kaalspruit River Modderfonteinspruit 
River 


















Al  9.94 9.18 15.0 13.9 4.57 4.21 14.4 13.3 4.69 4.33 0.97 0.90 
Ti  211 195 224 206 139 129 18.0 16.6 148 136 5.86 5.41 
V  0.62 0.57 0.41 0.38 0.13 0.12 0.99 0.91 0.085 0.078 0.094 0.087 
Cr  0.13 0.12 0.11 0.11 0.14 0.13 0.041 0.038 0.040 0.037 0.022 0.021 
M
n 
5.22 4.82 11.0 10.2 13.9 12.8 4.52 4.18 19.4 17.9 2.66 2.45 
Fe 11.6 10.7 36.9 34.1 34.3 31.7 2.28 2.10 61.1 56.4 3.06 2.82 
Co 0.048 0.045 0.11 0.10 0.12 0.11 0.090 0.083 0.19 0.17 0.051 0.047 
Ni 0.53 0.49 0.56 0.52 0.19 0.18 0.56 0.52 0.43 0.40 0.13 0.12 
Cu 0.44 0.41 0.32 0.30 0.38 0.35 - - - - - - 
Zn 1.49 1.37 1.76 1.62 5.04 4.66 1.03 0.95 3.38 3.12 1.55 1.43 
As  0.053 0.049 0.080 0.074 0.022 0.021 0.091 0.084 0.058 0.054 0.018 0.017 
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Se  0.018 0.017 0.016 0.014 0.016 0.015 0.049 0.045 0.0077 0.007
1 
0.010 0.0095 
Sr  15.7 14.5 11.2 10.3 5.19 4.79 24.5 22.6 11.9 10.9 5.43 5.01 
M
o 
1239 1144 654 604 45.2 41.7 1.58 1.46 0.058 0.054 0.025 0.023 
Ag  0.0038 0.0035 0.00014 0.0001
3 
- - - - - - - - 
Cd 0.0024 0.0022 0.0040 0.0037 0.00011 0.00011 0.0023 0.0021 0.0016 0.001
4 
0.0015 0.0014 
Sb 49.8 46.0 48.9 45.1 3.89 3.59 0.038 0.035 0.0095 0.008
8 
0.0053 0.0048 
Ba 2.17 2.00 2.31 2.13 2.29 2.12 1.59 1.47 1.28 1.18 2.46 2.27 
Tl 0.00090 0.0008
3 
- - - - 0.00028 0.0002
6 
- - 0.0001 0.0001 
Pb 0.13 0.12 0.74 0.69 0.030 0.027 0.081 0.075 0.34 0.31 0.028 0.026 








4.3.3.2 Health risk indexes (HRIs) 
The HRIs values related with river water samples from the study area presented in Table 4.4. The 
results obtained revealed that showed that the populations consuming the river water from the 
three rivers containing the investigated trace metals had HRI values less than a unit for both 
adults and children, except for Al, Mo and Sb during dry season and Al during the wet season. 
These finding clearly indicates that the oral exposure route of the studied trace metals by 
drinking from the river systems no potential adverse effects. These in turn suggest that there is 
no health risk on local inhabitants in the study area. As noted, the HRI values of Al, Mo and Sb 
for both children and adults were greater than 1, indicating that the risk of the adverse effects of 




Table 4.4: Health risk indexes (HRIs) of trace metals through intake of river water  and Reference dose (RfD) in μg-1 kg-1·day-1 
 Dry       We      
    Jukskei River Kaalspruit River Modderfonteinspruit 
River 
















Adults Children Adults 
Be  3 0.0038 0.003
5 





Al  0.4 24.9 22.9 37.6 34.7 11.4 10.5 36.1 33.3 11.7 10.8 2.44 2.25 
Ti  - - - - - - - - - - - - - 
V  7 0.088 0.081 0.059 0.054 0.019 0.018 0.14 0.130 0.012 0.011 0.013 0.012 
Cr  3 0.044 0.041 0.038 0.035 0.047 0.043 0.014 0.013 0.013 0.012 0.007 0.0069 
M
n 
140 0.037 0.034 0.079 0.073 0.099 0.092 0.032 0.030 0.139 0.13 0.019 0.018 
Fe 700 0.017 0.015 0.053 0.049 0.049 0.045 0.003 0.003 0.087 0.081 0.004 0.0040 
Co 20 0.0024 0.002 0.006 0.005 0.006 0.006 0.004 0.004 0.009 0.008
6 
0.003 0.0024 
Ni 20 0.026 0.024 0.028 0.026 0.010 0.009 0.028 0.026 0.022 0.020 0.007 0.0061 
Cu 37.1 0.012 0.011 0.0086 0.0080 0.0101 0.0093 - - - - - - 
Zn 300 0.0050 0.004
6 







As  0.3 0.18 0.16 0.27 0.25 0.075 0.069 0.30 0.28 0.19 0.18 0.060 0.055 
Se  5 0.0036 0.003
3 





Sr  600 0.026 0.024 0.019 0.017 0.0087 0.0080 0.041 0.038 0.020 0.018 0.0091 0.0084 
M
o 
5 248 229 131 121 9.04 8.35 0.32 0.29 0.012 0.011 0.0051 0.0047 
Ag  5 0.0008 0.000
7 
2.9E-05 2.7E-05 - - - - - - - - 
Cd 1 0.0024 0.002
2 







Sb 0.4 125 115 122 113 9.71 8.97 0.095 0.088 0.024 0.022 0.013 0.012 







0.30 0.28 - - - - - - - - 0.019 0.018 
Pb 3.5 0.038 0.035 0.21 0.20 0.0085 0.0078 0.023 0.02
1 
0.096 0.089 0.0081 0.0075 





4.4 CONCLUSIONS  
The current study has demonstrated that the concentrations of Be, V, Cr,  Co, Ni, Cu, Zn, As, Se, 
Sr, Ag, Cd, Ba, Tl, Pb and B in river water samples in the study area were within the WHO 
acceptable limits. The exceptions of some elements such as Al, Ti, Mo, Sb, Mn and Fe were 
observed. The health risk index (HRI) of these selected trace metals in the study area were found 
to be less than 1 for most of the elements, except the HRI values for Al, Sb and Mo for both  
children and adults were greater than 1 indicating potential health risk and adverse effects on the 
surrounding pollution. Furthermore, in this study it was observed that elevated concentrations of 
Mo, Al, Ti, Mn, Fe and Sb were recorded (especially during the dry season). This implied that 
local communities are exposed to these metals through the ingestion of river water use for 
drinking. These findings make a considerable contribution to opinion that links the heavy metal 
contamination of river water used for drinking to anthropogenic activities in that takes around the 
study are. Through this conclusion, we could predict that the levels of contaminants, in the 
drinking water, could increase the risk for local residents in developing cancer and all other 
diseases associated with heavy metals intake, especially in children. 
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The unceasing urbanization, industrialization, mining, and climate changes around the world  
have led to elevated levels of heavy metal contamination in the surface water source. In addtion, 
the accumulation of heavy metals in the environemt can lead to negative impact on human health 
and ecosystem. therefore, in this study a monitoring programme of the quality of river water 
conducted during dry and wet seasons wa conducted. The samples collected from Jukskei River, 
Kaalspruit River and Modderfonteinspruit River were analysed for physicochemical 
characteristics and twenty-two trace metals (Be, Al, Ti, V, Cr,  Mn, Fe, Co, Ni, Cu, Zn, As, Se, 
Sr, Mo, Ag, Cd, Sb, Ba, Tl, Pb and Bi). Water qulity and health risk assessment adopted from the 
the lietature were used to calculate the WQI, HRI and CDI. The following conclusions were met 
from the study region: 
• The average values of most physiochemical parameters and trace netals were found to be 
within the permissible limits of set by WHO for drinking water. Trace metals such as Mo, 
Fe, Mn, Sb and Ti were found to high that the persible levels.  
• Water quality asessement for Jukskei River, Kaalspruit River and Modderfonteinspruit 
River was was investigated water quality index (WQI). The WQI values for the Junskei 
river water from were classified as poor for drinking purposes (WQI = 104-111). During 
the dry season, the WQI values for water collected from KPT (WQI = 89.5) and SPT 
(WQI = 66.4) were categorised as good water for drinking and poor during wet seasons. 
These results suggest that there is a need to initiate the preventive measures to maintain 
good water quality of all the rivers to ensure the safety of the water source. Futhermore, 
the WQI in this study could be used as a tool to convey the useful information regarding 
the quality of water to the communities and policy makers. 
• The CDI values for Al, Ti, Mn, Fe, Zn, Sr, Mo, Sb were above 1 and thy ranged from 
1.5-1239 μg-1 kg-1·day-1  and  1.0-148 μg-1 kg-1·day-1   for dry and wet season 
respectively. Futhermore, majority of the investigated trace metals had HRI values less 
than 1 for both adults and children, except for Al, Mo and Sb during dry season and Al 
during the wet season. These results suggeted that the polpolation is likekey to be 
exposed to toxicity effect of these trace metals. 
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• The results obtained in the present study important for both the surounding communty in 
and government officials in reducing heavy metals contamination of river water through 
various industrial activities. 
